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(54) Title: METHODS FOR CONTROLLING PATHOLOGICAL ANGIOGENESIS BY INHIBITION OF a6P4 INTEGRIN 

(57) Abstract: It has now been determined that a6p4 integrin is a pro-angiogenic receptor, and thus that it provides a novel and 
heretofore unrecognized target for anti-angiogenic therapy. Thus, angiogenesis, particularly pathological angiogenesis, can be inhib- 
ited, and conditions with which pathological angiogenesis is associated treated using inhibitors of a6p4 integrin. A tissue in which 
angiogenesis is to be inhibited is exposed to a therapeutic agent effective to reduce the amount of active a6p4 integrin in the tissue. 
The tissue may be within a patient, and in particular a human patient, to be treated for a disease condition with which pathological 
angiogenesis is associated. The therapeutic agent may be an antibody or a small molecule, for example a laminin-5 analog, which 
binds to oc6p4 integrin and inhibits its normal function. The therapeutic agent may also be a chemical species that interferes with the 
production of oc634 integrin, including for example an antisense or RNAi species. 
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Methods for controlling pathological angiogenesis by inhibition of a6p4 
integrin 

Description 

This application claims the benefit of US Provisional Application No. 60/481,696, 
filed November 22, 2003, which is incorporated herein by reference. 

Background of Invention 

This application relates to a method of inhibiting pathological angiogenesis, 
for example angiogenesis associated with cancer, diabetes, macular degeneration, and 
rheumatoid arthritis, through the inhibition of a634 integrin. In this application, the 
nomenclature a6p4 refers to the aipha-6-beta-4 integrin. Similar nomenclature with 
arabic or roman numerals is used for other integrlns. 

The integrin receptors constitute a family of cell surface proteins with shared 
structural characteristics of noncovalent heterodimeric glycoprotein complexes formed 
of alpha and beta subunits. There are eight known beta subunits and fourteen known 
alpha subunits, which associate in various combinations to form at least twenty-four 
receptors with different ligand specificities (Hynes, 2003). Integrins bind to extracellular 
matrix proteins, such as fibronectin, vitronectin, collagens and laminins, and to counter- 
receptors on other ceils and therefore mediate cell-extracellular matrix and cell-cell 
interactions, referred generally to as cell adhesion events. Most integrins connect the 
extracellular matrix to the intracellular actin cytoskeleton and cooperate with Receptor 
Protein Tyrosine Kinases (RPTKs) to regulate cell fate (Giancotti and Ruoslahti, 1999; 
Miranti and Brugge, 2002). Depending on the integrins they express and the matrix they 
attach to, normal cells proliferate or undergo growth arrest, migrate or remain 
stationary, and live or undergo apoptotic death. These effects imply that the integrins 
impart a stringent control to the action of RPTKs, determining the nature and direction 
of the cell's response to growth factors and cytokines (Giancotti and Tarone. 2003). By 
regulating cell adhesion and signaling events, integrins play key roles in many biological 
processes, including development, tissue repair, hemostasis. inflammation, 
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angiogenesis, and cancer. Various integrin antagonists have been discovered and 
developed for therapeutic purposes.Three inhibitors of the platelet integrin aiibP3 have 
already received FDA approval and are currently used in the clinic to Inhibit thrombosis. 
Inhibitors of av33 and avP5 are being developed to treat tumor invasion, angiogenesis, 
and osteoporosis, and antagonists of P2 and a4 integrins to treat inflammatory and 
autoimmune diseases (Shimaoica and Springer, Nat Rev Drug Discovery, 2002). 

The possibility of ameliorating, or even suppressing, the progression of cancer, 
diabetes, macular degeneration, and rheumatoid arthritis with anti-angiogenic drugs has 
attracted vivid interest (Kerbel R, FolkmanJ. Clinical translation of angiogenesis 
inhibitors. Nat Rev Cancer. 2002 Oct;2(l 0):727-39). Pathological angiogenesis is 
triggered by an enhanced production of pro-angiogenic factors, generally VEGF and 
bFCF. and/or a decreased generation of angiogenesis inhibitors. As a result, host vessels 
In the vicinity of the tumor or other source of angiogenic stimulus are destabilized and 
specific endothelial cells acquire an invasive phenotype. Upon detaching from adjacent 
cells and penetrating the underlying basement membrane, these cells proliferate and 
migrate as cords in the interstitial matrix. During the last phase of the process, the 
endothelial cells acquire a quiescent, differentiated phenotype: they deposit a basement 
membrane and acquire polarity, coincident with the formation of a lumen. Pericytes and 
smooth muscle cells are finally recruited to ensheat the newly formed vessels. These 
steps are repeated in an iterative manner, as mature vessels become locally destabilized 
and groups of endothelial cells re-acquire an invasive phenotype to generate a new 
vascular branch (reviewed in (Risau, 1 997). 

' Known angiogenic factors, such as bFCF and VEGF, enhance the expression 
and activity of endothelial integrins (Byzova et al., 2000; Klein et al., 1 993), whereas 
negative regulators of angiogenesis, such as class 3 semaphorins, promote vascular 
remodeling by inhibiting integrin function (Serini et al., 2003). It has been reported that 
the a5pi integrin, a fibronectin receptor, and the av integrins avP3 and avps, which 
bind to several RGD-containing matrix proteins, promote aniogenesis (reviewed InHynes 
et al. (2002). This property has been considered as a basis for using inhibitors of such 
integrins as inhibitors of angiogenesis (See US Patents Nos. 5,981 ,478; 5,766,591 ; 
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6,358,970; and 6,645,991). However, while genetic experiments in mice have confirmed 
the role of a5pl integrin in angiogenesis, they have not confirmed a role for the aV 
integrins, thus calling into question the efficacy of anti-angiogeneic therapy based on 
the latter group. Anti-angiogenic therapy based on inhibition of cx5pl integrin Is 
problematic because of toxicity arising as a result of the critical involvement of this 
integrin In the adhesion of several ceil types. 

The a6p4 integrin Is a laminin-5 receptor expressed by epithelial cells, 
Schwann cells, and endothelial cells and has several distinguishing features. The 
cytoplasmic domain of P4 is unusually long (ca. 1000 amino acids) and displays no 
homology to the short cytoplasmic talis of other |3 subunits. Upon a6P4 binding to 
matrix, the unique cytoplasmic domain of P4 is phosphorylated on multiple tyrosines by 
a Src Family kinase (SFK) and interacts directly with the signaling adaptor protein She, 
causing activation of the Ras to ERK cascade (Dans et al., 2001 ; Gagnoux-Palacios et al., 
2003; Mainiero et al., 1995). In addition, the P4 tail mediates activation of PI-3K and Rac 
(Shaw. 2001 ; Shaw et al., 1 997). Upon dephosphorylation, the cytoplasmic domain of P4 
associates with the keratin cytoskeleton, causing assembly of hemidesmosomes and, 
hence, strengthening adhesion to lamlnin-5-containing basement membranes (Dans et 
al., 2001 ; Murgia et al., 1 998; Spinardi et al., 1 993). In contrast, the other Integrins 
activate FAK/SFK signaling at focal adhesions (Geiger et al., 2001 ; Schlaepfer and 
Hunter, 1 998) and, although some of them also recruit She, they do so by a distinct, 
Indirect mechanism (Wary et al., 1 998). 

The a6p4 integrin has been studied predominantly in the context of epithelial and 
tumor biology studies. In stratified and transitional epithelia, a6p4 mediates, upon 
cessation of signaling, assembly of hemidesmosomes (Dans et al., 2001 ; Murgia et al., 
1 998; Spinardi et al., 1 993). Activation of the EGF-R and Ron RTKs enhances 
phosphorylation of P4, causing disruption of hemidesmosomes and Increased epithelial 
cell migration (Dans et al., 2001 ; Santoro et al., 2003; Trusolino et al., 2001), suggesting 
that these RTKs decrease the ability of a6p4 to mediate stable adhesion but increase its 
signaling function. 
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Many invasive carcinomas display elevated levels of a6(34 (reviewed In Mercurio 
and Rabinovitz. 2001 ). Introduction of ot6p4 in breast and colon carcinoma cells tliat 
have lost its expression activates PI-3K to Rac signaling and Increases invasive ability in 
vitro (Shaw et al., 1997). In addition, the P4 tail functions as an essential adapter and 
amplifier of pro-invasive signals elicited by activated Met in cells undergoing Met- 
Induced oncogenesis (Trusolino et al.. 2001). Finally, introduction of a dominant 
negative form of P4 Impairs the survlyal of breast carcinoma cells, and this effect has 
been linlced to the ability of mutant P4 to interfere with the assembly of 
hemidesmosomes and the establishment of a partially polarized phenotype (Weaver et 
al., 2002). Collectively, these results suggest that a6p4 promotes carcinoma invasion 
and growth (Cambaletta et al.. 2000; Trusolino et al.. 2001). 

The observation that P4-nun embryos do not display defective vasculogenesis or 
developmental angiogenesis (Dowling et al.. 1 996; van der Neut et a!.. 1 996) suggested 
no role for a6p4 during angiogenesis. 

Summary of Invention 

It has now been determined that the a6p4 Integrln is a pro-angiogenic receptor, 
and thus that It provides a novel and heretofore unrecognized target for anti-angiogenic 
therapy. Thus, the present invention provides methods for the Inhibition of 
angiogenesis, particularly pathological angiogenesis, and for the treatment of conditions 
with which pathological angiogenesis is associated, using inhibitors of the ot6p4 integrln. 
In accordance with the method of the invention, a tissue in which angiogenesis is to be 
inhibited is exposed to a therapeutic agent effective to reduce the amount of active a6P4 
integrin in the tissue. In one embodiment of the invention, the tissue is within a patient, 
and in particular a human patient, to be treated for a disease condition with which 
pathological angiogenesis is associated. The therapeutic agent may be an antibody, a 
molecular recognition scaffold, a cyclic peptide or a peptldomimetic, for example a 
laminin-S analog, or a small molecule, which bind to the a6p4 integrln and inhibits its 
normal adhesive and signaling functions. The therapeutic agent may bind to the 
a6P4 integrin and inhibits only its normal signaling function, leaving its normal adhesive 
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function unaffected. The therapeutic agent may also be a chemical species that 
interferes with the production of ct6p4 integrin, including for example an antisense or 
RNAi species. The therapeutic agent is administered to the tissue or patient in a 
therapeutically effective amount and may be used in combination with other anti- 
angrogenesis therapies, or other established anti-cancer therapies such as 
chemotherapy, radiation therapy, or surgery. 

Brief Description of the Drawings 

Fig. 1 shows a replacement vector, wild-type locus, and mutant locus. Solid 
boxes: exons. TM: exon encoding the transmembrane segment. Open boxes: cDNA 
sequences, solid asterisk: stop codon, polyA: SV40 polyadenylation signal, neo: 
Neomycin resistance cassette, TK: thymidine Icinase, E: EcoRI, N: Ncol, p5' and p3': 
probes for Southern blotting. Wild-type protein (p4 VVT) and truncated mutant (p4 
1355T) are shown below. White boxes: fibronectin type-Ill repeats, open asterisks: 
tyrosine phosphorylation sites. 

Fig. 1 B shows results when wild-type and mutant keratinocytes were subjected 
to FACS analysis with mAb 346-1 1 A, which binds to the extracellular domain of mouse 

Fig. 1 C shows a graph of adhesion as a function of Ln-5 concentration. Wild- 
type (WT) and mutant (1 355T) keratinocytes were plated for 1 hour on microtlter plates 
coated with the indicated amounts of laminin-5 at 4° C. Cell adhesion to fibronectin at 
4° C was negligible. 

Fig. 2A shows results when bFGF containing plugs from FITC-Lectin Injected 
wild-type and mutant mice were lysed and subjected to fluorimetry. The graph shows 
the mean (iSD) from three experiments (*, P< 0.003). 

Fig. 2 B shows quantification of vascular glomeruli abutting the limiting 
membrane in wild-type (WT) and mutant (1 35 5T) retinas (n = 5 mice per genotype){*. P< 
0.004). 

Fig 3 shows results when sections of bFGF containing plugs from wild-type and 
mutant mice injected with BrdU were subjected to double staining with anti-PECAM-1 
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(red) and anti-BrdU (green) (left). The graph shows the mean (i SD) number of BrdU+ 
cells per 100 vessel cross-sections examined (right). 

Fig 4A shows results when HUVECs (Ctrl) and HUVECs transfected with a6 in 
combination with either wild-type P4 or P4 -i 35 5T were plated on laminin-5 and 
induced to migrate across an artificial wound in response to bFGF. When indicated, 
migrating cells were treated with the NF-kB inhibitor BAY 1 1 -7082 (1 2.5mM) or the 
MARK Inhibitor PD98059 (50 mM)- The graph shows the mean percentage of wound 
closure at 8 hours (Jl SD) from three experiments (*, P< 0.001 versus P4 -i 355T, P< 
0.002 versus Ctrl or BAY 1 1 -7082 inhibitor and P< 0.003 versus PD98059 inhibitor). 

Fig. 4B shows results when HUVECs and the indicated derivatives were grown on 
Cytodex-3 beads and placed In collagen gels containing bFGF for 72 hours. The graph 
indicates the average number (±. SD) of cord-like structures emanating from each bead 
(*, P< 0.002 versus Ctrl and P< 0.001 versus P4 -i 355), 

Fig. 5A shows result when B16F0 melanoma, LLCl Lewis Lung Carcinoma, B6RV2 
lymphoma, and 60.5 fibrosarcoma cells were injected s.c. in wild-type or □□□mutant 
mice. The YD-Neu mammary carcinoma cells were injected orthotoplcally in MMTV-Neu 
mice expressing wild-type or mutant □□ to avoid an immune response to rat Neu. The 
graphs show mean tumor volumes th SD) after 1 0 days (60.5), 1 2 days (Bl 6F0 and 
LLCl ), 1 3 days (B6RV2) or 20 days (YD-Neu) (*, P< 0.004 in Bl 6F0, P< 0.09 in LLCl , P< 
0.01 in B6RV2). 
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Fig. 5B shows results when sections of the indicated tumor xenografts from wild- 
type and mutant mice were stained with anti-PECAIVI-l antibodies. The graphs show the 
average microvessel densities Ci SD) in each tumor. Ten random high power fields per 
tumor section were evaluated. Bar: 200 pm (*. P< 0.01 in B16F0, P< 0.004 in LLCl. P< 
0.02 in B6RV2 and P< 0.005 in 60.5). 

Fig. 5C shows results when confocal images of B16F0 melanoma tumors excised 
from FITC-Lectin injected wild-type and mutant mice. The graph shows the average 
number of branches (± SD) per high power field for each tumor (*, P< 0.02). Bar: 1 00 
pm. 

Fig. 6 shows a hypothetical model of ot6p4 function in angiogenesis 

Detailed Description 

As used in this application, the term "pathological angiogenesis" refers to 
angiogenesis which is considered medically abnormal and suitable for therapeutic 
treatment. Pathological angiogenesis occurs in a variety of disease conditions, including 
without limitation cancer, diabetes, rheumatoid arthritis, and eye diseases such as 
macular degeneration(Folkman, Nat. Med. 1995; Kerbel and Folkman, Nat. Rev. Cancer 
2002). The term cancer refers to pathological growths, both benign and malignant, of a 
variety of tissue origins and histological apperances, including without limitation 
colorectal cancer, breast cancer, prostate cancer, pancreatic cancer, lung cancer, 
mesothelioma, melanoma, osteosarcoma, hepatocellular carcinoma, hemangioblastoma, 
renal cell carcinoma, Kaposi's sarcoma, gastrointestinal stromal tumor (GIST), 
Glioblastoma Multiforme (GBM) and other brain tumors, myeloma and other 
hematopoietic malignancies such as chronic and acute leukemias and lymphomas, 
myelodisplastic syndromes such as myelofibrosis and essential thrombocytopenia, 
squamous carcinoma of the skin, head and neck cancer, thyroid cancer, cervical cancer, 
leyomyomata of the uterus, and pulmonary hemangioma. The term diabetes refers to 
both type I and II and applies especially to diabetic retinopathy. Age-related macular 
degeneration refers to both wet and dry. In addition to Rheumatoid Arthritis, 
inflammatory joint and skin diseases such as osteoarthritis and psoriasis are also 
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included. Angiogenesls-dependent diseases also include obesity, the hereditary Von- 
Hippel-Lindau cancer predisposition syndrome (VHL), and Hereditary Hemorragic 
Teleangiectaesia (HHT). 

As used In this application, the term "inhibition" refers to a reduction of the 
event or activity inhibited to an extent sufficient to produce an observable result. 
Complete elimination of the event or activity is not required. 

As used in this application, the term "amount of active a6P4 integrin" refers to 
the observable angiogenesis-promoting activity resulting from a6p4 integrin present in 
a tissue. Reductions in the amount of the active a6p4 integrin can result from a 
reduction in the amount of a6P4 integrin, i.e, effectively a reduction in concentration; a 
reduction in the capacity of Individual molecules of a6p4 integrin to promote 
anglogenesis, i.e. effectively a change in the quality of the Integrin, or combinations 
thereof. The first type of reduction will most commonly be achieved by limiting the 
production of a6p4 Integrin, for example using a antlsense oligonucleotide or RNAI 
techniques, although It could also be achieved by accelerating the decomposition of cc6P4 
Integrin. The second type of reduction is most readily achieved through physical 
binding of the Integrin with a molecule that competes with its normal llgand for binding 
to the Integrin, or Inhibits the conformational changes, which underlie signal 
transduction accross the membrane - both Inside-to-outslde signaling (activation) and 
outslde-to-lnslde signaling, or that Inhibit association of the Integrin with RPTKs, or that 
competes with those intracellular molecules that bind to the cytoplasmic tail of the 
integrin and promote signaling events. 

As used in this application, the terms "treatment" or "treating" refer to the 
application of a therapeutic agent to achieve a reduction In the amount of active oi6p4 
integrin so as to produce a benefit to a patient being treated. Such a benefit need not 
be a complete or permanent cure, but may be only a lessening of the rate at which 
angiogenesis Is occurring, thereby delaying progression of a disease condition. 

As used In this application, the term "administration" refers to any means by 
which a therapeutic agent can be delivered to a tissue. Including without limitation oral, 
nasal and transdermal administration and Injection, for example subcutaneous. 
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subdermal, Intramuscular, intravenous, intrathecal or peritoneal Injection. For treatment 
of eye disease with associated angiogenesis, methods include without limitation direct 
injection into the eye, trans-scleral administration with a patch, or implanted slow- 
release pellets. 

The effective amount of a therapeutic agent to be administered varies 
depending on the nature of the therapeutic agent, and will frequently reflect a balancing 
of therapeutic benefits and side effects. However, the determination of specific amounts 
for a given therapeutic is routine and within the skill in the art. The therapeutic agent 
may be used as single therapy or in combination with other direct inhibitors of 
angiogenesis. including without limitation Anglostatin. Bevacizumab (Avastin), PTK787. 
ZD6474, SU6668, SUl 1248, Arresten, Canstatin, Combrestatin, Endostatin, NM-3. 
Thrombospondin, Tumstatin. 2-methoxyestradiol. Vitaxin, Thalidomide and TNP-470. 
The therapeutic agent may also be used in combination with "indirect" inhibitors of 
angiogenesis, which inhibit production of pro-angiogenic factors by tumor cells. 
Including without limitation ZD1839 (IRESSA), OSI774 (Tarceva), IMC225 (Erbltux), 
Herceptin, IFN-a, and metronomic chemotherapy (Kerbel and Folkman. Nat. Rev. Cancer, 
2002). 

Therapeutic agents useful in the present invention may be antibodies, 
engineered binding proteins, endogenous binding proteins, RNA- or DNA-aptamers or 
small molecules that bind to a6P4 integrin to produce a reduction In activity. The term 
antibodies Includes full length antibodies (including naturally occurring antibodies and 
engineered antibodies), and antigen binding fragments of naturally occurring or 
engineered antibodies. The antibodies may be chimeric, CDR-grafted. humanized, 
deimmunized. as well as other antibody molecules which have been engineered to 
reduce Immunogeniclty, e.g., those having CDRs derived from a non-human source, 
e.g., derived from an nonhuman animal such as a mouse, and or derived from random 
or partially random generation of sequences, e.g.. a by use of a phage display method. 
Such non-human can be inserted Into human, humanized, or other frameworks which 
are less antigenic when administered to a human. The antigen binding fragments of 
naturally occurring or engineered antibodies may Include single chain antibodies. 
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intrabodles. and bi-valent antibodies. The term molecular recognition scaffolds includes 
protein fragments modeled after transferrin (Trans-bodies - BioRexis)), fibronectin 
(Tetranectins - Borean Pharma; AdNectins - Compound Therapeutics), S. Aureus Protein 
A (Affibodies - Affibody), or other proteins or protein modules engineered to bind to 
a6p4. Such antibodies may be monoclonal, polyclonal, or modified constructs, for 
example single chain Fv constructs. Fab fragments, single domain antibodies, or 
bispecific antibodies, targeting a6p4 integrin. Binding sites may be on the alpha chain, 
the beta chain or both chains of the a6p4 integrin. 

Other examples of therapeutic agentsinclude small molecules which block P4 
signalling by binding to P4, and have specific functions such as inhibiting nuclear 
translocation of NF-kB. Where an antibody therapeutic agent is used, it may be 
administered in the form of the antibody, or formed in situ by expression of a nucleic 
acid sequence encoding an a6p4 integrin-specific antibody. 

Non-antibody binding proteins could also be employed. For example, 
human integrln-beta-4 binding protein is known and has the sequence given by Seq. ID 
No. 1 which is known fron CenBank accession no. NM.002212. 

The therapeutic agent may also be a nucleic acid that results in a reduction in 
the amount of active a6p4 integrin, for example an antisense oligonucleotide or an RNA 
molecule that works by an RNAi mechanism. The nucleic acid may target, via a sequence 
specific mechanism, the alpha chain or the beta chain. The coding sequence of the beta 
4 chain of human integrin is known from NM.00021 3 to be as shown in Seq. ID No. 2. 
The coding sequence of the alpha 6 chain of human integrin is known from NM.000210 
to be as shown in Seq ID No. 3. 

Antisense and RNAi sequence are derivable from these sequences. Antisense 
oligonucleotides are commonly from 12 to 50 bases In length, more preferably 1 5-30 
bases length. Effective regions for targeting of antisense sequences may be found 
throughout the target nucleic acid. A preferred intragenic site Is the region 
encompassing the translation initiation or termination codon of the open reading frame 
(ORF) of the gene. Since, as Is known in the art, the translation initiation codon is 
typically S'-AUC (In transcribed mRNA molecules; 5 -ATG in the corresponding DNA 
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molecule), the translation initiation codon is also referred to as tlie "AUG codon," the 

"start codon" or the "AUG start codon". A minority of genes have a translation initiation 

codon having the RNA sequence 5'-CUG, 5'-UUC or 5'-CUC, and 5 -AUA, 5 -ACG and 5'- 

cue have been shown to function in vivo. Thus,. the terms "translation initiation codon" 

and "start codon" can encompass many codon sequences, even though the Initiator 

amino acid in each instance is typically methionine (In eukaryotes) or formyimethionine 

» 

(in prokaryotes). It is also known in the art that eukaryotic and prokaryotic genes may 
have two or more alternative start codons, any one of which may be preferentially 
utilized for translation initiation in a particular cell type or tissue, or under a particular 
set of conditions. In the context of the invention, "start codon" and "translation initiation 
codon" refer to the codon or codons that are used in vivo to initiate translation of an 

4 

mRNA molecule transcribed from a gene encoding Integrin beta 4, regardless of the 
sequence(s) of such codons. 

It is also known in the art that a translation termination codon (or "stop 
codon") of a gene may have one of three sequences, i.e., 5 -UAA, 5'-UAG and 5'-UGA 
(the corresponding DNA sequences are 5'-TAA, 5*-TAG and 5*-TCA, respectively). The 
terms "start codon region" and "translation initiation codon region" refer to a portion of 
such an mRNA or gene that encompasses from about 25 to about 50 contiguous 
nucleotides In either direction (i.e., 5' or 3') from a translation initiation codon. Similarly, 
the terms "stop codon region" and "translation termination codon region" refer to a 
portion of such an mRNA or gene that encompasses from about 25 to about 50 
contiguous nucleotides In either direction (i.e., 5' or 3') from a translation termination 
codon. 

The open reading frame (ORF) or "coding region," which is known In the art to 
refer to the region between the translation initiation codon and the translation 
termination codon. Is also a region which may be targeted effectively. Other target 
regions Include the 5' untranslated region (5'UTR), known in the art to refer to the 
portion of an mRNA In the 5' direction from the translation initiation codon, and thus 
including nucleotides between the 5' cap site and the translation initiation codon of an 
mRNA or corresponding nucleotides on the gene, and the 3' untranslated region (3'UTR), 
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known in the art to refer to the portion of an mRNA in the 3' direction from the 
translation termination codon, and thus including nucleotides between the translation 
termination codon and 3' end of an mRNA or corresponding nucleotides on the gene. 
The 5' cap of an mRNA comprises an N7-methylated guanosine residue joined to the 5'- 
mosf residue of the mRNA via a 5'-5* triphosphate iinlcage. The 5' cap region of an 
mRNA is considered to include the 5' cap structure itself as well as the first 50 
nucleotides adjacent to the cap. The 5' cap region may also be a preferred target region. 

RNAi molecules are similarly selected based on the sequence and defined 
parameters Icnown for the selection of appropriate sequences. RNAi molecules may be 
single or double stranded, and generally have a length of 19 to 23 bases, although 
longer and shorter species can be used. A specific RNAi species useful in the method of 
the invention is based on the mouse sequence of beta-4 cDNA (Genebank Acc. # 
L04678): nucleotides 1 1 3 to 1 31 ; counting from the A of the ATG translatlonal start site, 
having the sequence GACCTGTACCGAGTGCATC (Seq, ID. No. 4). This molecule, and the 
corresponding molecule based on the human sequence, and their use form a further 
aspect of this invention. 

Inhibition of a6p4 integrin may also be achieved using an shRNA sequence 
GAGGUGCACGGAGUGUGUC (Seq. ID No. 5) described In Chung et al., "Integrin (alpha 6 
beta 4) regulation of elF-4E activity and VEGF translation: a survival mechanism for 
carcinoma cells" J Cell Biol. 2002 Jul 8; 1 58(1 ): 1 65-74. Epub 2002 Jul 08. 

Inhibition of a6P4 integrin may be achieved using a murine sequence 
AAGAGCTGTACCGAGTGCATC (Seq. ID. No. 6). Delivery of this sequence is suitably done 
using the procedure and vector set forth in Barton et al. "Retroviral delivery of small 
Interfering RNA into primary cells." Proc Natl Acad Sci USA. 2002 Nov 1 2;99(23):1 4943- 
5. Epub 2002 Nov 04. 

The anti-alpha-6 Mab CoH3 blocks both human and mouse a6bl and a6b4 
And may be useful in this invention. Niessen et al., Exp Cell Res. 1 994 Apr;21 1 (2):360- 
7). The anti-beta-4 Mab ASC-3 blocks human beta-4 (Weaver et al. "beta4 Integrin- 
dependent formation of polarized three-dimensional architecture confers resistance to 
apoptosis in normal and malignant mammary epithelium" Cancer Cell. 2002 
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Sep;2(3):205-1 6). Another known antibody that may be used in the present Invention is 
anti-beta-4 Mab 346-1 1 A blocks mouse beta-4 (Zent et al. "Involvement of laminin 
binding integrins and laminin-5 in branching morphogenesis of the ureteric bud during 
kidney development." Dev Biol. 2001 Oct 1 5;238(2):289-302). 

Screening Assays 

The Invention provides methods (also referred to herein as "screening assays") 
for identifying modulators (e.g., proteins, peptides, peptidomimetics, peptoids. small 
molecules, aptamers or other drugs) which bind to integrin a6P4 or the integrin P4 
chain cytoplasmic tall, and have a stimulatory or Inhibitory effect on, for example, 
Integrin a6p4 adhesive or signaling function. Compounds thus identified can be used to 
modulate the activity of integrin a6p4 adhesion or signaling in a therapeutic protocol. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds that bind to or modulate an activity of Integrin a6p4 e.g., compounds that 
modulate the adhesive function of integrin a6p4, or compounds that modulate the 
signaling function of the integrin P4 chain signaling function. 

In one embodiment, an assay is a cell-based assay In which a cell which 
expresses integrin a6p4 is contacted with a test compound, and the ability of the test 
compound to modulate integrin a6p4-dependent adhesion or signaling Is determined. 
Determining the ability of the test compound to modulate Integrin a6p4 adhesion can 
be accomplished by monitoring the interaction of integrin a6P4wlth Its ligand Lamlnin- 
5. Determining the ability of the test compound to modulate integrin a6p4 signaling 
activity can be accomplished by monitoring, for example, activation PI-3K, ERK, JNK and 
NF-kB In cells adhering to lamlnln-5 (Malnlero et al. 1 995; 1 997; Dans et al., 2001 ; 
NIkolopoulos et al. 2004). 

The ability of the test compound to modulate purified integrin a6p4 binding to a 
compound, e.g., an Integrin a6p4 ligand such as Laminin-5, or to modulate purified 
Integrin P4 chain cytoplasmic tail signaling, can also be evaluated. 
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In yet another embodiment, a cell-free assay is provided in which integrin a6P4 
or the p4 chain cytoplasmic tail is contacted with a test compound and the ability of the 
test compound to bind to the integrin a6p4 or the P4 cytoplasmic tall is evaluated. 

Cell-free asisays involve preparing a reaction mixture of the target integrin a6P4 
or the p4 chain cytoplasmic tail protein and the test compound under conditions and for 
a time sufficient to allow the two components to interact and bind, thus forming a 
complex that can be removed and/or detected. 

In one embodiment, determining the ability of the integrin a6p4 or the P4 chain 
cytoplasmic tail to bind to a target molecule can be accomplished using real-time 
Biomolecular Interaction Analysis (BIA) (see, e.g., Sjolander, S. and Urbanlczky. C. (1991) 
AnaL Chem, 63:2338-2345 and Szabo etai. (1995) Curr. Opin. Struct Biol. 5:699-705). 
"Surface plasmon resonance" or "BIA" detects biospecific Interactions In real time, 
without labeling any of the interactants (e.g., BIAcore). 

Alternatively, cell free assays can be conducted in a liquid phase. In such an 
assay, the reaction products are separated from unreacted components, by any of a 
number of standard techniques, Including but not limited to: differential centrlfugation 
(see, for example, Rivas, C, and Minton, A.P., (1993) Trends Biochem Sci ^%\2ZA-7)\ 
chromatography (gel filtration chromatography, ion-exchange chromatography); 
electrophoresis (see, e.g., Ausubel, F. et al.^ eds. Current Protocols in Molecular Biology 
1999, J. Wiley: New York.); and immunoprecipltatlon (see, for example, Ausubel. F. ef a/., 
eds. (1 999) Current Protocols In Molecular Biology, J. Wiley: New York). Such resins and 
chromatographic techniques are known to one skilled in the art (see. e.g., Heegaard, 
N.H., (1 998) yA/o//?eco^/7/n 1:141-8; Hage, D.S., and Tweed, S.A. 0 997) J Chromatogr 
B Biomed Sci AppL 699:499-525). Further, the interaction between two molecules can 
also be detected, e.g., using fluorescence energy transfer (FET) (see, for example, 
Lakowicz era/., U.S. Patent No. 5,631.169; Stavrianopoulos, etaL, U.S. Patent No. 
4,868,103), to detect binding without further purification of the complex from solution. 

In a preferred embodiment, the assay includes contacting the integrin a6p4 or 
the integrin p4 chain cytoplasmic tall with a library of small molecules, and separating 
them by high performance gel filtration [Affinity Selection: An Emerging Technology for 
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Drug Discovery", Satish JIndal and George R. Lenz. Drug Discovery and Design, Decision 
Resources, Waltham, MA, No. 20, 1-13 (1998)], 

The present invention was developed as part of an Investigation into the 
pinysiological function of a6P4 signaling. Recent studies have indicated that 
a6p4 associates with multiple RPTKs, including the EGF-R, ErbB2/Neu, Met, and Ron 
(Gambaletta et ai., 2000; Mariotti et al., 2001 ; Santoro et a!., 2003; Trusolino et al., 
2001). Activation of the EGF-R and Ron enhances phosphorylation of P4, causing 
disruption of hemrdesmosomes and increased epithelial cell migration (Mariotti et at., 
2001 ; Santoro et al., 2003; Trusolino et ai., 2001). These results suggest that these 
RPTKs decrease the ability of a6p4 to mediate stable adhesion but increase Its signaling 
function. Deregulation of oc6P4/RPTK co-signaling may contribute to carcinoma invasion 
and growth (Gambaletta et al., 2000; Trusolino et al., 2001). The observation that P4- 
nuli embryos do not display defective vasculogenesis or developmental angiogenesis 
(Dowling et al., 1 996; van der Neut et aL, 1 996) suggested no role for a6p4 during 
angiogenesis. Nevertheless, the Inventor made the hypothesis that a6p4 participates In 
pathological angiogenesis. Mice carrying a targeted deletion of the entire cytoplasmic 
domain of P4 lack hemidesmosomes and, like P4-null mice, die at birth due to extensive 
blistering of the skin and upper gastrointestinal tract (Murgia et ai., 1 998). To analyze 
the role of a6p4 signaling in the absence of the effect of loss of adhesion strengthening, 
we have generated mice carrying a deletion of the C-terminai, signaling segment of the 
P4 tail. Through an analysis of these mice and cells derived from them, we found 
evidence that a6p4 signaling controls epidermal growth and pathological angiogenesis 
through a previously unrecognized effect on nuclear translocation of key transcriptional 
regulators. 

Targeted deletion of the integrin P4 substrate domain impairs signalmg to ERK and AKT 

Two developments made it possible to address the role of p4 signaling in 
postnatal life in the absence of potentially confounding effects of loss of adhesion. First, 
it became clear that the N-terminal part of the cytoplasmic domain of P4 to amino acid 
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1 355 is sufficient for interaction with the plalcin HD-1 /plectin and, hence, for 
association with the keratin cytoskeleton (Schaapveld et a!., 1998). Second, mapping 
studies revealed that the five major tyrosine phosphorylation sites of P4, Including those 
involved in the recruitment of She and PI-3K, are located in the C-terminal portion of the 
p4 tail, downstream of amino acid 1 355 (Dans et a!., 2001 ). We thus reasoned that a 
deletion of the C-terminal portion of the P4 cytoplasmic domain (henceforth defined 
"substrate domain") would suppress a6p4 signaling without Interfering with adhesion 
strengthening. 

We used homologous recombination in ES cells to introduce such a mutation in 
mice. To construct the vector, we cloned the sequences encoding the cytoplasmic 
domain of P4 up to amino acid 1 355, a stop codon, a SV40 polyadenylation signal, and a 
neomycin resistance gene, immediately downstream of the exon encoding the 
transmembrane segment of the protein (Fig. 1 A). Southern blotting and PGR analysis 
indicated successful introduction of the mutation in mice. Analysis of the intercrosses 
between heterozygous mice carrying the targeted deletion revealed that the mutation 
was transmitted with the expected Mendel Ian frequency. Both homozygous and 
heterozygous p4 mutant mice were found to be viable, fertile, and to not manifest skin 
fragility. Histological analysis of the skin did not reveal any defect in epidermal 
adhesion to the basement membrane. Thus, deletion of the signaling domain of P4 has 
no obvious effect on embryonic and postnatal development. 

Immunopreclpitatlon and FACS analysis on primary keratinocytes from wild-type 
and mutant mice indicated that the P4-i 355T subunit associates with P4 and is 
expressed at the cell surface as well as wild-type P4 (Fig. 1 B). To test the adhesive 
ability of the mutant Integrin, wild-type and mutant keratinocytes were plated on 
laminln-5 at 4° C. At this temperature, the function of a3pl - which also binds to 
laminin-5 - is inactivated and adhesion proceeds only through cx6p4(Gag,noux-Palacios 
et al., 2003; Xia et al., 1996). The mutant keratinocytes attached to laminin-5 at 4^ C as 
efficiently as wild-type keratinocytes, suggesting that the mutant Integrin retains Intact 
Mgand binding capacity (Fig. 1 C). In accordance with the absence of a skin fragility 
phenotype, transmission electron microscopy (EM) revealed that the skin of mutant mice 
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contained well-structured hemidesmosomes. Thus, deletion of the C-terminal, signaling 
domain of p4 does not affect the ability of a6P4 to establish a transmembrane 
connection between laminin-5 and the hemidesmosomai cytoslceleton and to mediate 
stable epidermal adhesion in vivo. 

To examine the effect of deletion of the p4 substrate domain on signaling, 
primary keratlnocytes Isolated from wild-type and mutant mice were plated on laminin- 
5 or, as a control, on collagen I in the presence of serum and subjected to 
immunoblotting with antl-phospho-ERK and anti-phospho-AKT antibodies. Adhesion to 
lamlnln-5 Induced significant phosphorylation of ERK In wild-type but not in mutant 
keratinocytes, whereas adhesion to collagen I caused similarly high activation of ERK in 
both types of cells. This result is consistent with the role of the P4 substrate domain 
recruitment of She and activation of Ras to ERK signaling (Dans et al., 2001 ; Mainiero et 

I r 

a!., 1997). In addition, adhesion to lamlnln-5 led to significant phosphorylation of AKT 
in wild-type keratinocytes, but It induced a much more limited effect in mutant 
keratinocytes, in agreement with the hypothesis that the P4 substrate domain activates 
PI-3K to AKT signaling (Shaw et al., 1 997). We concluded that targeted deletion of the C- 
termlnal segment of the P4 tall impairs a6p4-dependent signaling through ERK and 
AKT, but it does not affect adhesion to lamlnin-5 and assembly of hemidesmosomes. 

a6p4 and its ligand laminln-5 are expressed in tumor vasculature 

The mutant mice did not display any macroscopic defect suggestive of defective 
cardiovascular development, indicating that a6p4 signaling does not play an essential 
role during embryonic vasculogenesis and angiogenesis. This conclusion is consistent 
with the observation that a6p4 is expressed in blood vessels only after completion of 
developmental angiogenesis (HIran et al., 2003). To examine the potential role of 0(,6p4 
in tumor angiogenesis, we first studied the expression of ot6p4 in paraffin-embedded 
sections of human papillary thyroid carcinoma, breast adenocarcinoma, prostate 
carcinoma, and glioblastoma multiforme. Significant levels of oc6p4 were detected in 
medium and small-size vessels in all these tumors. Since tumor cells In breast and 
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prostate cancer samples expressed high levels of cx6p4, these samples were subjected to 
anti-PECAM-1 staining to unequivocally identify tumor vessels. 

To further characterize the expression of a6p4 during tumor angiogenesis, we 
examined frozen sections of B1 6F0 melanoma xenografts. Double staining with 
antibodies to P4 and PECAM-1 showed that a6p4 is expressed in these tumors in 
medium and small size vessels, but not in microvessels. The anti-P4 antibodies also 
reacted with structures resembling peripheral nerves. Double staining with antibodies to 
p4 and to the neurofilament protein S-100 confirmed the identification of these 
structures as peripheral nerves. This observation is consistent with the known 
expression of a6p4 in Schwann cells (Einheber et al., 1993) and the increasing evidence 
that tumors, Including melanoma, are innervated (Seifert and Spitznas, 2002). Notably, 
the anti-P4 antibodies also stained vessel-like structures that reacted with anti-PECAM- 
1 very weakly. These structures reacted with antibodies to the lymphatic endothelial 
hyaluronan receptor (LYVE-1), suggesting that oc6p4 is also expressed in tumor 
lymphatics. 

To examine if the expression of P4 in endothelial cells correlated with the 
presence of vascular smooth muscle cells, we subjected the tumor sections to double 
staining with antibodies to p4 and to smooth muscle (x-actin. Approximately half of the 
P4+ vessels were found to be ensheated by smooth muscle cells, whereas the remainder 
was not, suggesting that endothelial cells do not express p4 in response to a signal 
generated by mural cells. Significant amounts of laminin-5 were detected in the 
basement membrane of both P4+ medium and small size vessels and P4- microvessels, 
suggesting the existence of another laminln-5-binding integrin In these smaller vessels. 
In fact, the staining patterns generated by anti-laminin-5 and anti-PECAM-1 antibodies 
were virtually identical. Antibodies to oc6 decorated all PECAM-1 + vessels, irrespective of 
p4 expression, indicating that the P4' microvessels express a6pi. it Is possible that 
oc6pi or another laminin-binding integrin, such as ccipi, mediates endothelial cell 
adhesion to laminin-5 in microvessels. These results indicate that the endothelial cells 
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of tumor vessels deposit and organize a laminin-5-rich basement membrane and, as 
they mature, attach to it through a6p4. 

The P4 substrate domain promotes bFGF and VECF-mediated angiogenesis 

To examine if a6p4 signaling plays a role in bFGF-induced angiogenesis, Matrigel 
plugs containing bFGF were implanted in wild-type and mutant mice and recovered 7 
days later. Macroscopic analysis revealed that the plugs from mutant mice were much 
paler than those from control mice. To visualize the development of vascular 
ramifications in the plugs, the mice were injected with an endothelial-specific FITC- 
labeled Lectin prior to euthanasia. Confocal analysis indicated that the vascular tree was 
In mutant plugs much less developed and complex than in wild-type plugs. The 
medium-size vessels penetrating Into these plugs generated significantly fewer 
branches than expected, and these secondary branches only occasionally formed tertiary 
ramifications. Fluorimetry indicated that the mutant plugs had incorporated 
approximately five fold less FITC-Lectin than wild-type controls (Fig. 2A). In addition, 
immunoblotting showed that the mutant plugs contained a much smaller amount of 
VEGF-R and, by inference, of angiogenic endothelial cells than wild-type plugs. These 
observations indicate that loss of P4slgnaling impairs bFCF-lnduced angiogenesis to a 
significant extent. 

We examined if a6p4 signaling is required for angiogenesis in the retinal neo- 
vascularization model. In this model, angiogenesis Is driven by hypoxia-lnduced 
production of VEGF (Shweiki et al.. 1992). P7 mice were maintained in 75 % oxygen for 5 
days to induce central avascularization in the retina and then returned to normoxic 
conditions for 5 additional days. Histological analysis indicated that numerous vascular 
glomeruli penetrated the inner limiting membrane and abutted in the vitreous in wild- 
type mice, whereas the development of these abnormal vessels was significantly blunted 
in mutant mice. Quantification of the results confirmed that mutant mice have a 
significantly reduced angiogenic response to retinal hypoxia (Fig. 2B). Talcen together, 
these results indicate that ot6p4 signaling promotes both bFGF and VEGF-induced 
angiogenesis. 
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a6|34 signaling is not required for endothelial proliferation or survival 

To examine the cellular mechanism by which a6P4 signaling regulates 
angiogenesls, we conducted immunohistochemical studies on Matrigel plugs from wild- 
type and mutant mice. Anti-PECAM-1 staining of frozen sections showed that the 
angiogenic vessels of mutant mice penetrated significantly less into the bFGF-containing 
Matrigel plugs than those of wild-type mice. The wild-type plugs contained two types of 
vessels: small-size vessels, which were detected predominantly at the periphery of the 
plug, and microvessels, which penetrated inside the plug. By contrast, the mutant plugs 
contained almost exclusively peripheral small-size vessels, and these were somewhat 
reduced in number as compared to those of wild-type plugs. While the endothelial cells 
of small-size vessels expressed a6p4, those of microvessels did not express the integrin. 
These observations suggest that deletion of the P4 substrate domain interferes with the 
sprouting of P4+ small size vessels Into p4- microvessels. 

We next evaluated endothelial cell survival and proliferation in Matrigel plugs 
from wild-type and mutant mice. Anti-Brdll staining revealed that the number of 
endothelial cells in S-phase was significantly reduced in the plugs from mutant mice. 
However, the number of BrdU*^ nuclei per PECAM-1+ vessel was similar in wild-type and 
mutant plugs, suggesting that the overall reduction of BrdU staining in the plugs of 
mutant mice was secondary to reduced sprouting, and it was not due to an intrinsic 
proliferative defect (Fig. 3). In addition, the small size vessels, which express P4, 
displayed very few BrdU nuclei as compared to the smaller PECAM-1+ P4- capillaries, 
indicating that a6p4 js expressed in quiescent vessels. These observations suggest that 
signaling by the P4 substrate domain is not required for endothelial proliferation during 
angiogenesls. TUNEL staining did not reveal endothelial cell apoptosis in either wild-type 
or mutant plugs, suggesting that p4 signaling is not required for endothelial cell survival 
during angiogenesls. Together with the pattern of expression of a6p4 during 
angiogenesls, these results suggest that ot6P4 signaling promotes the onset of the 
invasive phase of angiogenesls. These observations are consistent with the hypothesis 
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that a6P4 functions at a step of angiogenesis that precedes overt endothelial cell 
proliferation and migration in the interstitial matrix. 

The a604 substrate domain promotes endothelial migration and invasion 

To examine the effect of a634 signaling on endothelial migration and invasion, 
we isolated endothelial cells from the lungs of wild-type and mutant mice. However, 
both types of cells lost expression of a6P4 upon plating in culture. We note that 
endothelial cells migrating out of human saphenous vein explants also lose expression 
of a6p4 (Hiran et a!., 2003). We thus used transient transfection to introduce wild-type or 
mutant a6|34 in Human Umbilical Vein Endothelial Cells (HUVECs), as reported previously 
(Dans et al., 2001). HUVECs, which express almost undetectable levels of endogenous 
a6p4, were electroporated with plasmids encoding a6and either wild-type P4 or mutant 
P4-1355T and panned on anti-P4 coated plates to isolate ceils expressing comparable 
levels of recombinant wild-type or mutant a6p4, respectively. 

To examine the effect of <x6P4 signaling on endothelial cell migration, parental 
HUVECS and their derivatives expressing either wild-type or mutant a6P4 were plated on 
laminin-5 at confluency and subjected to in vitro wound assay. Expression of wild-type 
a6p4 increased endothelial cell migration in response to bFGF. By contrast, the mutant 
integrin did not cause this effect (Fig. 4A), indicating that the P4 substrate domain 
promotes endothelial cell migration. 

To evaluate the effect of cx6p4 signaling on endothelial cell invasion, HUVECs 
expressing wild-type or mutant P4 were grown on Cytodex-3 beads and then incubated 
in collagen gels containing bFGF. Over a 3-day period, the endothelial cells expressing 
wild-type P4 migrated radially out of the beads and assembled into cords invading the 
collagen gel. By contrast, both control cells and cells expressing mutant P4 invaded the 
collagen gel only to a limited extent (Fig. 4B). Taken together, these observations 
suggest that signaling by the P4 substrate domain promotes endothelial cell migration 
and invasion, in accordance with the hypothesis that it controls the onset of the invasive 
phase of angiogenesis. 
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The P4 substrate domain induces nuclear accumulation of ERK and NF-kB during 
endothelial cell migration in vitro and angiogenesis In vivo 
Prior studies had provided evidence that a6|34 controls ERK and NF-kB signaling 
(Mainiero et al., 1 997; Santoro et al.. 2003; Zahir et al.. 2003). To examine the 
mechanism by which a6p4 promotes endothelial cell migration, we compared ERK and 
NF-kB signaling in HUVECs expressing wild-type or mutant ct6P4 during migration on 
laminin-5. The cells were plated at confluency on laminin-5 and, thirty minutes after 
wounding, subjected to immunoflubrescent staining with antibodies to P-ERK and the 
p65 subunit of NF-kB. The cells expressing wild-type a634 displayed significant nuclear 
accumulation of P-ERK and NF-kB as they entered into the wound. In contrast, those 
expressing mutant a6p4 did not show significant nuclear accumulation of P-ERK or NF- 
kB under the same conditions. These results suggest that a6p4 signaling promotes both 
ERK and NF-kB signaling In migrating endothelial celjs. 

To examine the role of ERK and NF-DB signaling in endothelial cell migration, 
HUVECs expressing wild-type a6p4 were subjected to in vitro wound closure assay in the 
presence of the MEK inhibitor PD98059 or the NF-kB inhibitor BAY! 1 -072. These 
compounds reduced the migration of a6p4-expressing HUVECs to levels similar to those 
displayed by control HUVECs or HUVECs expressing mutant ct6p4 (Fig. 4A). suggesting 
that the P4 substrate domain promotes endothelial cell migration by inducing NF-kB and 
ERK signaling. 

To examine if deletion of the P4 substrate domain impairs signaling in 
endothelial cells in vivo, sections of Matrigel plugs from wild-type and mutant mice were 
subjected to double staining with antibodies to PECAM-1 and to P-ERK or the p65 
subunit of NF-kB. We observed significant levels of P-ERK and p65 in the nuclei of many 
endothelial cells of small and intermediate-size vessels from wild-type plugs. By 
contrast, both signaling molecules were predominantly confined to the cytoplasm in 
endothelial cells of similar vessels from mutant plugs. To confirm this observation, the 
samples were subjected to double staining with antibodies to P4 and to P-ERK or p65 
and to counterstaining with DAPI. Both P-ERK and p65 accumulated in the nuclei of 
endothelial cells expressing wild-type P4 but remained largely confined to the cytoplasm 



wo 2005/052122 



PCT/US2004/039189 



-23 - 

in endothelial cells expressing the mutant integrin. Taken together, these results 
suggest that the p4 substrate domain promotes nuclear translocation of ERK and NF-kB 
during angiogenesis. 

The P4 substrate domain promotes tumor angiogenesis 

To test the role of the (34 substrate domain in tumor angiogenesis, we injected 
B16F0 melanoma cells, LLCl Lewis lung carcinoma cells, B6RV2 lymphoma cells, and 
60.5 fibrosarcoma cells s.c. in wild-type and mutant mice. The Bl 6F0, LLCl , and B6RV2 
tumors grew in mutant mice to a size significantly smaller than they did in wild-type 
mice. Although the 60.5 tumors also expanded less rapidly in mutant mice, the 
reduction In tumor growth was in this case smaller (Fig. 5A). To compare the density of 
microvessels in the tumors grown in wild-type and mutant mice, we used anti-PECAM-1 
staining. The density of microvessels in each of the four tumors grown subcutaneously 
in mutant mice was significantly reduced as compared to that of tumors grown under 
identical conditions in wild-type mice (Fig. 5B). This was also true for the 60.5 tumors, 
which grew relatively well in mutant mice, suggesting that these tumors are somewhat 
less dependent on angiogenesis for growth. Finally, in the context of other studies, we 
also examined the effect of loss of P4 signaling on angiogenesis in an orthotopic model 
of mammary carcinogenesis. In this case, the tumors became vascularized and grew to a 
similar extent in wild-type and mutant mice (Figs. 5A and B), suggesting that 
a6P4 signaling does not contribute to tumor angiogenesis in this specific system. Four 
major parameters - tumor cell type, transformation mechanism, injection protocol, and 
specific genetic baclcground of mice - may have influenced the outcome of this specific 
experiment. Since loss of P4 signaling Inhibited tumor angiogenesis to a significant 
extent in four out of five xenotransplantation models tested, we concluded that a6P4 
signaling plays a significant and broad, but perhaps not universal, role in tumor 
angiogenesis. 

To visualize the effect of loss of P4 signaling on tumor vasculature, we injected 
wild-type and mutant mice bearing B16F0 xenografts with FITC-Lectin. Confocal 
analysis and 3-D reconstruction confirmed that the defective angiogenic response of 
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mutant mice to tumors was due to reduced branching (Fig. 5C). Two arguments rule out 
the possibility that immunological factors contribute to the tumor angiogenesis defect of 
mutant mice. First, a6|34 js not expressed in the immune system. Second, the 60.5 
fibrosarcoma, which are derived from 1 29 Sv mice, were injected in wild-type and 
mutant mice of pure syngeneic background, making an immunological response 
unlikely. In addition, the reduced angiogenesis in tumors of mutant mice does not 
appear to be a consequence of reduced tumor growth, because the 60.5 tumors grew 
relatively well but evoked reduced angiogenesis in mutant mice. Taken together, these 
results identify a role for a6p4 signaling in tumor angiogenesis. 

The P4 Substrate Domain Is not Necessary for Assembly of Hemldesmosomes and 
Epidermal Adhesion 

The skin of mutant newborn mice did not display any gross histological 
abnormality, except for a slightly decreased thickness. The epidermis appeared tightly 
attached to the basement membrane and the underlying dermis. No areas of 
discontinuity were observed at the basement membrane junction, in accordance with the 
absence of skin fragility in mutant mice. In addition, taminln~5, the mutant integrin, and 
the hemidesmosomal components HD-1/plectin and BPAG-2 were normally 
concentrated along the dermal-epidermal junction. Thus, deletion of the C-terminal, 
signaling domain of b4 does not affect the ability of a6b4 to establish a transmembrane 
connection between laminin-5 and the hemidesmosomal cytoskeleton and to mediate 
stable epidermal adhesion In vivo. 

Prior studies had indicated that the C-terminal portion of the b4 tail interacts 
directly with the cytoplasmic domain of the transmembrane collagen Bullous Pemphigoid 
Antigen-2 (BPAG-2) and thereby with the piakin BPAG-1 (Borradori and Sonnenberg, 
1999). Because these interactions are thought to contribute to the assembly of mature 
hemldesmosomes, we used immunofluorescent staining to examine the ability of mutant 
keratinocytes to form hemldesmosomes in culture. In agreement with the observation 
that the C-terminal portion of the b4 tail is necessary for recruitment of BPAG-2 and 
BPAC-1 to hemldesmosomes (Schaapveld et al., 1998), the mutant keratinocytes 
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assembled in culture hemidesmosome-IIke adhesions containing HD-1 /plectin, but 
devoid of BPAG-2. 

In accordance with the absence of a skin fragility phenotype, transmission 
electron microscopy (EM) revealed that the skin of mutant mice contained well- 
structured hemldesmosomes. 

Morphometric analysis of the hemldesmosomes of wild-type and mutant 
mice, indicated that they were similar in number and appearance. (Table 1) The number 
of hemldesmosomes per cell profile was derived from the photographic reconstruction 
of 10 cell profiles per group. Morphometric data represent the mean + standard 
deviation of values obtained from the analysis of 80 hemldesmosomes per group. DBL: 
distance from basal lamina, HBL: thickness of basal lamina. 



Table 1 





Number 
(/ 10 cells) 


Height (nm) 


Length (nm) 


DBL (nm) 


HBL (nm) 


WT 


8.2 ±3.4 


36 ± 7 


155 ± 36 


36 ± 6 


34 ± 4 


1355T 


9.5 ± 4.5 


33 ± 6 


178 ± 38 


38 ± 5 


30 ± 3 



Furthermore, cryo-immuno EM clearly demonstrated that BPAG-2 is regularly 
incorporated In the hemldesmosomes of mutant mice. These results provide direct 
evidence that the N-termlnal portion of b4 tall (to amino acid 1 35 5) Is sufficient for 
association with the keratin cytoskeleton and assembly of adhesion-competent 
hemldesmosomes in vivo. 

How do we explain the observation that the C-terminal portion of the b4 tail 
Is required to recruit BPAG-2 to the hemldesmosomes of cultured keratlnocytes but not 
to those of mutant mice In vivo? It Is possible that BPAG-2 is recruited to 
hemldesmosomes through its binding to a basement membrane component of dermal 
origin. Unable to synthesize this component, cultured keratlnocytes would be dependent 
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on the C-terminal segment of b4 tail to recruit BPAG-2 and, hence, BPAG-1 to 
hemidesmosomes. 

Our results provide genetic evidence that the a6p4 integrin promotes tumor 
angiogenesis - and, presumably, other forms of pathological angiogenesis - by a 
signaling mechanism. Immunohistochemical and cell biological experiments suggest 
that a6p4 promotes nuclear translocation of P-ERK and NF-kB and acquisition of an 
invasive phenotype at the onset of the invasive phase of angiogenesis. These results 
suggest the intriguing possibility that a6p4 performs a similar function signaling 
function In cancer cells and in angiogenic endothelial cells. 

In order to design effective antl-integrin drugs for antl-anglogenesis, it Is 
important to understand the mechanisms by which specific integrins participate in this 
process. Prior studies with adhesion-blocking antibodies and RGD-containing peptides 
have led to the hypothesis that 0(vP3 and 0(v35 promote tumor angiogenesis by a 
signaling mechanism (Eliceiri and Cheresh, 1999). However, genetic studies suggest 
more complex roles (Hynes, 2002). In particular, it is possible that the av integrins may 
have both positive and negative signaling roles during tumor angiogenesis. Perhaps, 
they stimulate endothelial cell proliferation and migration by binding to components of 
the interstitial matrix during the invasive phase of tumor angiogenesis, but they Induce 
an active, negative signal at the end of the process, either upon becoming u'niigated or 
upon binding to a known negative regulator of angiogenesis, such as Thrombospondin, 
Tumstatin - a fragment of the ot3 chain of type IV collagen, or PEX - a fragment of MMP2 
(Sheppard, 2002). In this model, the blocking agents interfere with positive signaling, 
while allowing negative signaling to occur. Among other Integrins Involved In 
angiogenesis, otspi has attracted considerable Interest. Both knock-out studies and 
antibody-blocking experiments have indicated that aspi and its ligand fibronectin are 
required for developmental and pathological angiogenesis (Hynes, 2002). However, it is 
not known at what step of angiogenesis a5pi functions and whether it acts by an 
adhesive or signaling mechanism. Our results indicate that oc6P4 signaling specifically 
controls the Invasive phase of pathological angiogenesis. In addition to adding to our 
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understanding of integrin function during angiogenesis, these results provide a novel 
potential target for therapeutic intervention. 

The role of ot6p4 in angiogenesis described here Is unexpected. Prior studies have 
shown that neither a6p4 nor Its signaling functions are required during developmental 
angiogenesis (Dowling et al., 1 996; Murgia et aL, 1 998; van der Neut et a!., 1 996). In 
addition, based on the observation that a6p4 levels increase during vessel maturation, La 
Flamme and colleagues have proposed that a6p4 limits angiogenesis (Hiran et al., 2003). 
In retrospect, it is not surprising that a6p4 does not play a role during .developmental 
angiogenesis, as It Is expressed in endothelial cells only after completion of this process 
(Hiran et al., 2003). In addition, our studies do not rule out the possibility that a6p4 also 
contributes to the maturation of adult vessels. They simply show that that its signaling 
function contributes to initiate the invasive phase of angiogenesis. We have 
demonstrated this role of a6p4 signaling In several systems: the Matrigel plug assay, the 
retinal neovascularization model, and four xenograft models of tumor angiogenesis. 
This said. Increasing evidence indicates that angiogenesis is driven by different growth 
factors and cytokines and, hence, proceeds by partially distinct mechanisms, depending 
on developmental stage, tissue, and disease state (LeCouter et al., 2002; Risau, 1997). In 
particular, the two major angiogenic growth factors, bFGF and VEGF, cooperate with 
distinct av integrlns to Induce angiogenesis (Friedlander et al., 1995; Hood et al., 2003). 
We have observed that loss of P4 signaling does not suppress angiogenesis in a specific 

orthotopic model of mammary carcinogenesis. Thus, although our results suggest that 

—1 

oc6p4 signaling participates in both bFGF and VEGF-induced angiogenesis, future studies 
will be necessary to examine how general is the requirement for a6p4signallng during 
tumor angiogenesis. Since the angiogenic Id transcription factors induce expression of 
the genes encoding ct6p4 and its ligand, laminin-5 (Ruzinova et al., 2003), it is possible 
that a6p4 signaling is especially important when angiogenesis is driven by Id. 

What is the mechanism by which a6p4 signaling controls angiogenesis? a6p4 is 
expressed during angiogenesis In relatively mature vessels. The endothelial cells of P4+ 
vessels display a very low proliferative Index, making it unlikely that a6p4 signaling 
promotes endothelial proliferation. In addition, the angiogenic endothelium of mutant 
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mice does not display evidence of increased apoptosis, excluding the hypothesis that 
oc6p4 signaling plays a necessary role in endothelial cell survival. The severe reduction of 
PECAM+ p4- capillaries observed in mutant plugs suggests that a6|34 signaling is 
necessary for the generation of P4- sprouts from p4+ vessels, i.e. during the initial step 
of the invasive phase of angiogenesis. As expression of wild-type, but not mutant, ot6p4 
promotes endothelial cell migration and invasion in vitro, we propose that a6p4 plays a 
similar role in vivo (Fig. 6). In fact, a6P4 may play a general role during branching 
morphogenesis, as it has been shown that anti-a6p4 antibodies suppress branching of 
the ureteric bud in the developing kidney (Zent et al., 2001) and the formation of 
epithelial cords by breast epithelial ceils embedded in iS^atrigel (Stahl et ai., 1997). 

Sprouting angiogenesis is thought to commence with the acquisition of an 
invasive phenotype by specific endothelial cells. The basement membrane underlying 
these cells is degraded as they migrate into the underlying interstitial matrix. We have 
observed a defect in nuclear accumulation of ERK and NF-kB in the endothelial cells of 
small vessels in mutant plugs. This finding suggests that the P4 substrate domain 
regulates sprouting angiogenesis by promoting nuclear translocation of key 
transcription factors, and that this event precedes, and it may indeed be necessary for, 
the acquisition of an invasive phenotype by sprouting endothelial cells. In agreement 
with this model, prior studies have shown that angiogenesis requires integrin signaling 
to both ERK and NF-kB (Hood et al., 2003; Klein et al., 2002). Although these 
transcriptional regulators may play multiple distinct roles in angiogenesis, our 
observations suggest that they play specific roles in the acquisition of the invasive 
phenotype. In particular, we have shown that P4 signaling promotes nuclear 
translocation of P-ERK and NF-kB as endothelial ceils commence to migrate on laminln- 
5 and that these signals are necessary to promote endothelial cell migration in vitro. In 
agreement with this model, it is known that AP-1 and NF-kB coordinately control the 
expression of genes involved in cell migration and invasion (Vincenti and Brinckerhoff, 
2002). 

The possibility of treating chronic diseases, such as diabetic retinopathy, 
rheumatoid arthritis, and cancer, with anti-angiogenic compounds has attracted 
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considerable interest. Because a6p4 signaling is not required during development and 
normal adult life, compounds blocking a6p4 signaling may curb pathological 
anglogenesis without exerting significant toxic effects. In addition, it Is clear that 
neoangiogenesis is an Integral component of tumor invasion (Hanahan and Folkman, 
1 996). As cancer cells invade through the extracellular matrix, they are met by cords of 
angiogenic endothelial cells, bringing them nourishment. Since a6p4 signaling appears 
to play key roles in both tumor invasion and tumor anglogenesis. Its Inhibition may be 
especially beneficial for cancer therapy. 

Experimental Procedures 

Targeted deletion of the P4 substrate domain 

The Cla l/Xba I fragment of mouse P4 gene was Isolated from a 1 29 Sv library 
(Murgia et al., 1 998) and subcloned in pBluescript to generate pB/S-mP4-cia l/Xba. Site 
directed mutagenesis was used to introduce a Nhe I site within the sequences encoding 
the transmembrane domain of pB/S-mP4-cia l/Xba I, as well as pcDNA3-hP4 (Dans et al., 
2001), without altering their reading frames. PGR was used to introduce a stop codon 
followed by an Xba I and an EcoR I site in pcDNA3-p4, thereby generating pcDNA3- 
[34 Cyto-1 35 5T. To Insert the cDNA fragment encoding the N-terminal portion of the 
cytoplasmic domain of P4 - to amino acid 1 355 - downstream of and in frame with the 
exon encoding the transmembrane domain of the protein, a Nhe l/Xba I fragment of 
pcDNA3-p4Cyto-1355T was subcloned in pB/Smp4-Cla l/Xba I and a Cla l/EcoR I 
fragment of the resulting plasmid was inserted in the targeting vector previously used to 
delete the entire the cytoplasmic domain of P4 (Murgia et al., 1998). The resulting 
replacement vector, which carried a left arm of 5 Kb and a right arm of 3.8 Kb, was 
linearized and electroporated in ES cells. Positively transfected cells which had 
undergone homologous recombination were selected In 0.5 mg/ml C418 and 0.2 mM 
Gancyclovir and identified by Southern blotting. Two distinct ES cell lines were found to 
carry the expected mutation and both were injected into blastocyst-stage C57BL/6 
mouse embryos. The embryos were then transplanted into the uteri of pseudopregnant 
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C57BL/6 mice. Extensively chimeric mice derived from both lines were crossed to 
C57BL/6 females. Heterozygous offspring were used to generate mice homozygous for 
the targeted deletion, iviice were genotyped by PGR using tail genomic DNA. The 
following primers were used for amplification: 5'-ggaaatagcagagcaggatac-3* (wild-type) 
(Seq, ID No. 7), 5 -ctcgtgctttacggtatcgc-3' (recombinant) (Seq. ID No. 8), 5 - 
ctcggttgcagcaaggaag-3' (common) (Seq. ID No. 9). For Southern blotting, tail genomic 
DNA was digested with Nco I and, after agarose gel electrophoresis and transfer to a 
nylon membrane, hybridized to a 500 bp radioactive cDNA probe complementary to 
sequences in the extracellular domain of as described previously (IVIurgia et al., 
1 998). Except when Indicated, the experiments were conducted on mice of mixed 
genetic bacl<ground. 

Cells, antibodies, and other reagents 

Keratinocytes were isolated from the skin of newborn mice and grown on 
collagen l-coated plates In EMEM.06 with S% Chelex-treated FBS, 2 ng/ml EGF, and 0.06 
mM CaCl2 (Hager et al., 1 999). Primary HUVECs were cultured on gelatin-coated dishes 
(Klein et al., 2002). Rat mAbs to p4 (346-1 1 A), a6 (GoH3), and PECAIVI-l (MEG 1 3.3) were 
from Pharmlngen. Coat antl-PEGAM-1 (M-20) and anti-P4 (G-20) and rabbit anti-VEGF- 
R2 (C-20) and -NF-kB p65 (C-20) were from Santa Cruz. Rabbit anti-P-ERK and anti-Pr 
AKTwere from Cell Signaling and anti-keratin-5 (AF 138) from Babco. Mouse mAbs to 
smooth muscle a-actin (clone 1 A4) and to P-actin (clone AC- 74) were from Sigma and to 
NF-kB p65 (clone 2A1 2A7) from Zymed. Affinity-purified rabbit antibodies to the LE4-6 
modules of the mouse lamlnin y2 chain (Sasaki et al., 2001), mouse mAb 3E1 to P4 and 
rabbit anti-P4-exo serum to a GST fusion protein comprising the N-terminal domain of 
P4 (Mainiero et al., 1997) were described previously. FITC- and Cy3-conjugated affinity- 
purified secondary antibodies were from Jackson Laboratories. Lamlnin 5 matrices were 
prepared as previously described (Spinardi et al., 1995). Purified lamlnin-5 was from 
Chemicon. Human fibronectin and rat tail collagen type I were from Collaborative 
Research. FITC-Lectin (isolectin B4) was from Vector Laboratories. The MEK Inhibitor 
PD98059 and the NF-kB inhibitor BAY 1 1 -7082 were from Calbiochem. 
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Keratinocyte studies 

For immunoprecipitation and immunoblotting analyses, keratinocytes were lysed 
in RlPA buffer with 1 0 mM EDTA and protease inhibitors. Equivalent amounts of total 
proteins were immunoprecipitated with mAb GoH3 and subjected to immunoblotting 
with anti-P4-exo or directly subjected to immunoblotting. FACS analysis and adhesion 
assays were performed as previously described (Murgia et al., 1998). For signaling 
studies, the keratinocytes were plated on laminin-5 or collagen I for the indicated times, 
lysed, and subjected to immunoblotting with anti-phospho-ERK and anti-phospho-AKT. 

Endothelial cell studies 

HUVECs were electroporated with equimolar amounts of plasmids encoding a6 
and either P4 or P4-i 355T (Dans et al.. 2001), deprived of growth factors for 1 8 hours, 
and then panned on plates coated with the anti-p4 mAb 3E1 . Bound cells were washed 
with PBS and recovered by trypsin-EDTA treatment. For in vitro wound assays, equal 
numbers of cells expressing wild-type P4 or mutant P4 -13557 were plated on dishes 
coated with Iamlnin-5, grown until confluent, and starved. Monolayers were scratched 
with a P200 pipette tip and incubated in the presence of serum and 20 ng/ml bFGF for 
18 hours. Wound closure was monitored by digital photography. To monitor ERK and NF- 
kB signaling during migration, control and transfected HUVECs were subjected to in vitro 
wounding for 30 minutes, fixed with 3.7% formaldehyde, and subjected to 
immunofluorescent staining with anti-P-ERK and anti-p65, as described (Klein et al., 
2002). To examine the effect of P4 signaling on endothelial cell Invasion, control and 
transfected HUVECs were grown on Biosolin Cytodex-3 microcarrier beads (NUNC) until 
confluent. The beads were then placed in collagen gels (3D Collagen Cell Culture Kit, 
Chemicon). The gels were overlaid with DMEM with with 10% fetal bovine serum, 2 mmol 
glutamine and 10 ng/ml bFGF. HUVECS Invasion was quantified 72 hours later by 
counting the average number of capillary-like structures per microcarrier bead. 
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Immunofluorescence microscopy and immunohistochemistry 

Tissues and plugs were embedded in paraffin or snap-frozen in OCT compound 
{Tlssue~Tel<). Paraffin-embedded sections were stained with Hematoxylin and Eosin or 
subjected to immunoperoxidase staining with the indicated antibodies using the ABC 
Staining Kit (Vector Laboratories). Frozen sections were subjected to immunofluorescent 
staining with the indicated antibodies. To measure cell proliferation in vivo, mice were 
injected i.v. with 5 mM BrdU / 100 g body weight and sacrificed 1 hour later. Cryostat as 
well as paraffin-embedded sections of matrigel or tumors were subjected to 
Immunofluorescent or immunohistochemical staining with anti-BrdU antibodies (BrdU 
Labeling and Detection Kit I, Roche). To estimate cell death In vivo, TUNEL assays were 
performed on paraffin-embedded sections (In Situ Cell Death Detection Kit, Roche). 

ISiatrigel plug assay 

Eight week-old mice were injected s.c. with 400 □! of growth factor-depleted 
Matrigel (BD Biosciences) supplemented with 400 ng/ml bFGF and 1 Dg/ml heparin 
sulphate and sacrificed 7 days later (Passaniti et al., 1992). To visualize angiogenesis, 
the mice were injected intravenously with 20 pg of FITC-lsolectin B4 (Vector Labs) 30 
minutes before harvesting the plugs. Fluorescently labeled vessels were examined by 
confocal microscopy. To quantify angiogenesis, FITC-Lectin containing plugs were 
homogenized in RlPA buffer containing protease and phosphatase inhibitors and 
subjected to fluorimetric analysis. Alternatively, plug lysates were immunoprecipitated 
and subjected to Immunoblotting with anti-VECF-R2 antibodies. Each experimental 
group consisted of five mice. Each mouse was Injected with Matrigel alone or Matrigel 
supplemented with bFGF and heparin sulphate. Experiments were repeated three times. 

Retinal hypoxia model 

P7 mice were exposed to 75 % oxygen for 5 days and then returned to normoxic 
conditions for 5 days. Mice of the same age kept in normal air were used as controls. 
Eyes were fixed in 4 % paraformaldehyde, embedded in paraffin, sectioned and subjected 
to staining. Angiogenesis was quantified by counting the number of PECAM-1 positive 
glomeruli penetrating the inner limiting membrane. 
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Tumor xenografts 

Six month-old mice were injected s.c. with 1 0^ tumor cells per flank. B6RV2 
human lymphoma ceils, B16F0 mouse melanoma cells, and LLC! Lewis Lung carcinoma 
cells were injected In wild-type and mutant mice of mixed genetic background. The 60.5 
fibrosarcoma cells, which are derived from 1 29 Sv mice (Pozzi et al., 2000), were 
injected In syngeneic wild-type and mutant mice of pure background. The YD-Neu 
mouse mammary carcinoma cells - generated by introducing rat Neu in YD cells 
(Dankort et al., 2001 ) - were implanted orthotopically at 5 x 1 0^ in Matrigel diluted 1 :1 
in PBS. To avoid an immune response to rat Neu, the cells were Injected in MMTV-Neu 
transgenic mice expressing either wild-type or mutant P4, as these mice are tolerant to 
rat Neu. These mice had been backcrossed Into an FVB/n background. The tumors were 
excised after the indicated number of days. Final tumor dimensions were measured by 
caliper. 

Immunofluorescence Microscopy and Immunohistochemistry: 

For immunofluorescent detection of hemidesmosome-like adhesions, 
keratlnocytes were permeabilized/extracted with 0.2 % Triton X-1 00 and fixed with cold 
methanol as described previously (Dans et al., 2001). They were then stained with the 
Indicated antibodies. 

Electron Microscopy and Immunogold labeling: 

Skin samples were collected, fixed with 2.5 % glutaraldehyde in 0.1 M 
cacodylate buffer pH 7.2, post fixed with 1 % osmium tetroxide, stained en bloc with 1 % 
uranyl-acetate, and embedded In Polybed 812. Ultra-thin sections were stained with 
uranyl acetate and lead citrate and examined with a ZEISS EM 902 or a Philips CM1 0 
electron microscope. Immunogold labeling was performed on ultra-thin cryosections as 
previously described (Liou et al., 1 996). 
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CLAIMS 

1. A method for inhibition of angiogenesis in a tissue expressing the a6P4 integrin, 
comprising the steps of exposing the tissue to a therapeutic agent effective to reduce 
the amount of active a6p4 integrin in the tissue. 

2. The method of claim 1, wherein the tissue Is present in a living organism. 

3. The method of claim 1, wherein the living organism Is human. 

4. The method of claim 1, wherein the angiogenesis to be inhibited is pathological 
angiogenesis. 

5. The method of any of claims 1 to 4, wherein the therapeutic agent is an 
antibody. 

6. The method of any of claims 1 to 4, wherein the therapeutic agent Is an RNAI 
species. 

r 

7. A method for treatment of a disease condition associated with pathological 
angiogenesis In a patient, comprising the step of administering to the patient an amount 
of a therapeutic agent effective to reduce the amount of active a6P4 integrin. 

8 The method of claim 7 wherein the patient is human. 

9. The method of claim 7 or 8, wherein the therapeutic agent Is an antibody. 

1 0. The method of claim 7 or 8, wherein the therapeutic agent is an RNAI species. 
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1 1 . Use of an inhibitor of a6P4 integrin in the preparation of a pharmaceutical 
composition for inhibition of angiogenesis. 



1 2. Use of claim 1 1 , wherein the angiogenesis Is pathological angiogenesis. 



1 3. Use of claim 11 or 1 2, wherein wherein the therapeutic agent is an antibody. 



14. Use of claim 11 or 12, wherein the therapeutic agent is an RNAi species. 
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tttgggcggt 


gttatgtcct 


gagtcagaat 


480 


ctcaggattg 


aagacgatat 


ggatggggga 


gattggagct 


tttgtgatgg 


gcgattgaga 


540 


ggccatgaga 


aatttggctc 


ttgccagcaa 


ggtgtagcag 


ctacttttac 


taaagacttt 


600 


cattacattg 


tatttggagc 


cccgggtact 


tataactgga 


aagggattgt 


tcgtgtagag 


660 


caaaagaata 


acactttttt 


tgacatgaac 


atctttgaag 


atgggcctta 


tgaagttggt 


720 


ggagagactg 


agcatgatga 


aagtctcgtt 


cctgttcctg 


ctaacagtta 


cttaggtttt 


780 


tctttggact 


cagggaaagg 


tattgtttct 


aaagatgaga 


tcacttttgt 


atctggtgct 


840 


cccagagcca 


atcacagtgg 


agccgtggtt 


ttgctgaaga 


gagacatgaa 


gtctgcacat 


900 


ctcctccctg 


agcacatatt 


cgatggagaa 


ggtctggcct 


cttcatttgg 


ctatgatgtg 


960 


gcggtggtgg 


acctcaacaa 


ggatgggtgg 


caagatatag 


ttattggagc 


cccacagtat 


1020 


tttgatagag 


atggagaagt 


tggaggtgca 


gtgtatgtct 


acatgaacca 


gcaaggcaga 


1080 


tggaataatg 


tgaagccaat 


tcgtcttaat 


ggaaccaaag 


attctatgtt 


tggcattgca 


1140 


gtaaaaaata 


ttggagatat 


taatcaagat 


ggctacccag 


atattgcagt 


tggagctccg 


1200 


tatgatgact 


tgggaaaggt 


ttttatctat 


catggatctg 


caaatggaat 


aaataccaaa 


1260 


ccaacacagg 


ttctcaaggg 


tatatcacct 


tattttggat 


attcaattgc 


tggaaacatg 


1320 


gaccttgatc 


gaaattccta 


ccctgatgtt 


gctgttggtt 


ccctctcaga 


ttcagtaact 


1380 


attttcagat 


cccggcctgt 


aattaatatt: 


caaaaaacca 


ticacaataac 


tcctaacaaa 


1440 


attgacctcc 


gccagaaaac 


agcgtgtggg 


gcgcctagtg 


ggatatgcct 


ccaggttaaa 


1500 


tcctgttttg 


aatatactgc 


taaccccgct 


ggttataatc 


cttcaatatc 


aattgtgggc 


1560 


acacttgaag 


ctgaaaaaga 


aagaagaaaa 


tctgggctat 


cctcaagagt 


tcagtttcga 


1620 


aaccaaggtt 


ctgagcccaa 


atatactcaa 


gaactaactc 


tgaagaggca 


gaaacagaaa 


1680 



wo 2005/052122 



PCT/US2004/039189 



msk76wo . ST25 . txt 

gtgtgcatgg aggaaaccct gtggctacag gataatatca gagataaact gcgtcccatt 1740 

cccataactg cctcagtgga gatccaagag ccaagctctc gtaggcgagt gaattcactt 1800 

ccagaagttc ttccaattct gaattcagat gaacccaaga cagctcatat tgatgttcac 1860 

ttcttaaaag agggatgtgg agacgacaat gtatgtaaca gcaaccttaa actagaatat 1920 

aaattttgca cccgagaagg aaatcaagac aaattttctt atttaccaat tcaaaaaggt 1980 

gtaccagaac tagttctaaa agatcagaag gatattgctt tagaaataac agtgacaaac 2040 

agcccttcca acccaaggaa tcccacaaaa gatggcgatg acgcccatga ggctaaactg 2100 

attgcaacgt ttccagacac tttaacctat tctgcatata gagaactgag ggctttccct 2160 

gagaaacagt tgagttgtgt tgccaaccag aatggctcgc aagctgactg tgagctcgga 2220 

aatcctttta aaagaaattc aaatgtcact ttttatttgg ttttaagtac aactgaagtc 2280 

acctttgaca ccccatatct ggatattaat ctgaagttag aaacaacaag caatcaagat 2340 

aatttggctc caattacagc taaagcaaaa gtggttattg aactgctttt atcggtctcg 2400 

ggagttgcta aaccttccca ggtgtatttt ggaggtacag ttgttggcga gcaagctatg 2460 

aaatctgaag atgaagtggg aagtttaata gagtatgaat tcagggtaat aaacttaggt 2520 

aaacctctta caaacctcgg cacagcaacc ttgaacattc agtggccaaa agaaattagc 2580 

aatgggaaat ggttgcttta tttggtgaaa gtagaatcca aaggattgga aaaggtaact 2640 

tgtgagccac aaaaggagat aaactccctg aacctaacgg agtctcacaa ctcaagaaag 2700 

aaacgggaaa ttactgaaaa acagatagat gataacagaa aattttcttt atttgctgaa 2760 

agaaaatacc agactcttaa ctgtagcgtg aacgtgaact gtgtgaacat cagatgcccg 2820 

ctgcgggggc tggacagcaa ggcgtctctt attttgcgct cgaggttatg gaacagcaca 2880 

tttctagagg aatattccaa actgaactac ttggacattc tcatgcgagc cttcattgat 2940 

gtgactgctg ctgccgaaaa tatcaggctg ccaaatgcag gcactcaggt tcgagtgact 3000 

gtgtttccct caaagactgt agctcagtat tcgggagtac cttggtggat catcctagtg 3060 

gctattctcg ctgggatctt gatgcttgct ttattagtgt ttatactatg gaagtgtggt 3120 

ttcttcaaga gaaataagaa agatcattat gatgccacat atcacaaggc tgagatccat 3180 

gctcagccat ctgataaaga gaggcttact tctgatgcat ag 3222 



<210> 4 

<211> 19 

<212> DNA 

<213> mouse 

<400> 4 

gagctgtacc gagtgcatc 



<210> 5 

<211> 19 

<212> RNA 

<213> artificial 



19 



<220> 

<223> RNA inhibitor for B4 integrin chain 
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<400> 5 

gagcugcacg gaguguguc J-^ 



<210> 6 

<211> 21 

<212> DNA 

<213> mouse 

<400> 6 

aagagctgta ccgagtgcat c 



<210> 7 

<211> 21 

<212> DNA 

<213> artificial 

<220> 

<223> integrin b4 amplification primer 

<400> 7 

ggaaatagca gagcaggata c 



<210> 8 

<211> 20 

<212> DNA 

<213> artificial 

<220> 

<223> intergin b4 amplification primer 

<400> 8 

ctcgtgcttt acggtatcgc 



20 



<210> 9 

<211> 19 

<212> DNA 

<213> artificial 
<220> 

<223> integrin b4 amplification primer 

<400> 9 

ctcggttgca gcaaggaag 
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SEQUENCE LISTING 

<110> Sloan Kettering institue for cancer Research 
Giancotti, Filippo G. 

<120> Methods for Controlling Pathological Angiogenesis by inhibition 
of a6b4 integrin 

<130> MSK . P-076-WO 

<150> US 60/481,696 
<151> 2003-11-22 

<160> 9 

<170> Patentin version 3-3 

<210> 1 

<211> 245 

<212> PRT 

<213> artificial 

<220> 

<223> human i ntegri n-beta-4 binding protein 
<400> 1 

Met Ala Val Arg Ala ser Phe Glu Asn Asn Cys Glu lie Gly Cys Phe 
15 10 15 

Ala Lys Leu Thr Asn Thr Tyr Cys Leu Val Ala lie Gly Gly Ser Glu 

20 25 30 

Asn Phe Tyr Ser val Phe Glu Gly Glu Leu Ser Asp Thr lie Pro Val 
35 40 45 

Val His Ala Ser lie Ala Gly Cys Arg lie lie Gly Arg Met Cys val 
50 55 60 

Gly Asn Arg His Gly Leu Leu val Pro Asn Asn Thr Thr Asp Gin Glu 
65 70 75 80 

Leu Gin His lie Arg Asn ser Leu Pro Asp Thr Val Gin lie Arg Arg 

85 90 95 

val Glu Glu Arg Leu ser Ala Leu Gly Asn val Thr Thr Cys Asn Asp 

100 105 110 

Tyr Val Ala Leu val His Pro Asp Leu Asp Arg Glu Thr Glu Glu lie 
115 120 125 

Leu Ala Asp Val Leu Lys val Glu val Phe Arg Gin Thr val Ala Asp 
130 135 140 

Gin val Leu val Gly ser Tyr Cys Val Phe Ser Asn Gin Gly Gly Leu 
145 150 155 160 



Val His Pro Lys Thr ser lie Glu Asp Gin Asp Glu Leu ser Ser Leu 

165 170 175 
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Leu Gin val Pro Leu Val Ala Gly Thr Val Asn Arg Gly Ser Glu val 

180 185 190 

lie Ala Ala Gly Met val val Asn Asp Trp Cys Ala Phe Cys Gly Leu 
195 200 205 

Asp Thr Thr ser Thr Glu Leu ser val val Glu ser val Phe Lys Leu 
210 215 220 

Asn Glu Ala Gin Pro Ser Thr lie Ala Thr Ser Met Arg Asp Ser Leu 
225 230 235 240 

lie Asp ser Leu Thr 

245 

<210> 2 
<211> 5469 
<212> DNA 
<213> human 



<400> 2 



atggcagggc 


cacgccccag 


cccatgggcc 


aggctgctcc 


tggcagcctt 


gatcagcgtc 


60 


agcctctctg 


ggaccttggc 


aaaccgctgc 


aagaaggccc 


cagtgaagag 


ctgcacggag 


120 


ta tat ccata 


taaataaaaa 

\» VJ w ^1 V»| %^ %A 


ctacacctac 


tacacaaacQ 


aaatattcaa 


aaaccQQcac 


180 


tgcaacaccc 


aggcggagct 


gctggccgcg 


ggctgccagc 


gggagagcat 


cgtggtcatg 


240 


gagagcagct 


tccaaatcac 


agaggagacc 


cagattgaca 


ccaccctgcg 


gcgcagccag 


300 


atgtcccccc 


aaggcctgcg 


ggtccgtctg 


cggcccggtg 


aggagcggca 


ttttgagctg 


360 


gaggtgtttg 


agccactgga 


gagccccgtg 


gacctgtaca 


tcctcatgga 


cttctccaac 


420 


tccatgtccg 


atgatctgga 


caacctcaag 


aagatggggc 


agaacctggc 


tcgggtcctg 


480 


agccagctca 


ccagcgacta 


cactattgga 


tttggcaagt 


ttgtggacaa 


agtcagcgtc 


540 


ccgcagacgg 


acatgaggcc 


tgagaagctg 


aaggagccct 


ggcccaacag 


tgaccccccc 


600 


ttctccttca 


agaacgtcat 


cagcctgaca 


gaagatgtgg 


atgagttccg 


gaataaactg 


660 


cagggagagc 


ggatctcagg 


caacctggat 


gctcctgagg 


gcggcttcga 


tgccatcctg 


720 


cagacagctg 


tgtgcacgag 


ggacattggc 


tggcgcccgg 


acagcaccca 


cctgctggtc 


780 


ttctccaccg 


agtcagcctt 


ccactatgag 


gctgatggcg 


ccaacgtgct 


ggctggcatc 


840 


atgagccgca 


acgatgaacg 


gtgccacctg 


gacaccacgg 


gcacctacac 


ccagtacagg 


900 


acacaggact 


acccgtcggt 


gcccaccctg 


gtgcgcctgc 


tcgccaagca 


caacatcatc 


960 


cccatctttg 


ctgtcaccaa 


ctactcctat 


agctactacg 


agaagcttca 


cacctatttc 


1020 


cctgtctcct 


cactgggggt 


gctgcaggag 


gactcgtcca 


acatcgtgga 


gctgctggag 


1080 


gaggccttca 


atcggatccg 


ctccaacctg 


gacatccggg 


ccctagacag 


cccccgaggc 


1140 


cttcggacag 


aggtcacctc 


caagatgttc 


cagaagacga 


ggactgggtc 


ctttcacatc 


1200 


cggcgggggg 


aagtgggtat 


ataccaggtg 


cagctgcggg 


cccttgagca 


cgtggatggg 


1260 
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acgcacgtgt 


gccagctgcc 


ggaggaccag 


aagggcaaca 


tccatctgaa 


accttccttc 


1320 


tccgacggcc 


tcaagatgga 


cgcgggcatc 


atctgtgatg 


tgtgcacctg 


cgagctgcaa 


1380 


aaagaggtgc 


ggtcagctcg 


ctgcagcttc 


aacggagact 


tcgtgtgcgg 


acagtgtgtg 


1440 


tgcagcgagg 


gctggagtgg 


ccagacctgc 


aactgctcca 


ccggctctct 


gagtgacatt 


1500 


cagccctgcc 


tgcgggaggg 


cgaggacaag 


ccgtgctccg 


gccgtgggga 


gtgccagtgc 


1560 


gggcactgtg 


tgtgctacgg 


cgaaggccgc 


tacgagggtc 


agttctgcga 


gtatgacaac 


1620 


ttccagtgtc 


cccgcacttc 


cgggttcctg 


tgcaatgacc 


gaggacgctg 


ctccatgggc 


1680 


cagtgtgtgt 


gtgagcctgg 


ttggacaggc 


ccaagctgtg 


actgtcccct 


cagcaatgcc 


1740 


acctgcatcg 


acagcaatgg 


gggcatctgt 


aatggacgtg 


gccactgtga 


gtgtggccgc 


1800 


tgccactgcc 


accagcagtc 


gctctacacg 


gacaccatct 


gcgagatcaa 


ctactcggcg 


1860 


atccacccgg 


gcctctgcga 


ggacctacgc 


tcctgcgtgc 


agtgccaggc 


gtggggcacc 


1920 


ggcgagaaga 


aggggcgcac 


gtgtgaggaa 


tgcaacttca 


aggtcaagat 


ggtggacgag 


1980 


cttaagagag 


ccgaggaggt 


ggtggtgcgc 


tgctccttcc 


gggacgagga 


tgacgactgc 


2040 


acctacagct 


acaccatgga 


aggtgacggc 


gcccctgggc 


ccaacagcac 


tgtcctggtg 


2100 


cacaagaaga 


aggactgccc 


tccgggctcc 


ttctggtggc 


tcatccccct 


gctcctcctc 


2160 


ctcctgccgc 


tcctggccct 


gctactgctg 


ctatgctgga 


agtactgtgc 


ctgctgcaag 


2220 


gcctgcctgg 


cacttctccc 


gtgctgcaac 


cgaggtcaca 


tggtgggctt 


taaggaagac 


2280 


cactacatgc 


tgcgggagaa 


cctgatggcc 


tctgaccact 


tggacacgcc 


catgctgcgc 


2340 


agcgggaacc 


tcaagggccg 


tgacgtggtc 


cgctggaagg 


tcaccaacaa 


catgcagcgg 


2400 


cctggctttg 


ccactcatgc 


cgccagcatc 


aaccccacag 


agctggtgcc 


ctacgggctg 


2460 


tccttgcgcc 


tggcccgcct 


ttgcaccgag 


aacctgctga 


agcctgacac 


tcgggagtgc 


2520 


gcccagctgc 


gccaggaggt 


ggaggagaac 


ctgaacgagg 


tctacaggca 


gatctccggt 


2580 


gtacacaagc 


tccagcagac 


caagttccgg 


cagcagccca 


atgccgggaa 


aaagcaagac 


2640 


cacaccattg 


tggacacagt 


gctgatggcg 


ccccgctcgg 


ccaagccggc 


cctgctgaag 


2700 


cttacagaga 


agcaggtgga 


acagagggcc 


ttccacgacc 


tcaaggtggc 


ccccggctac 


2760 


tacaccctca 


ctgcagacca 


ggacgcccgg 


ggcatggtgg 


agttccagga 


gggcgtggag 


2820 


ctggtggacg 


tacgggtgcc 


cctctttatc 


cggcctgagg 


atgacgacga 


gaagcagctg 


2880 


ctggtggagg 


ccatcgacgt 


gcccgcaggc 


actgccaccc 


tcggccgccg 


cctggtaaac 


2940 


atcaccatca 


tcaaggagca 


agccagagac 


gtggtgtcct 


ttgagcagcc 


tgagttctcg 


3000 


gtcagccgcg 


gggaccaggt 


ggcccgcatc 


cctgtcatcc 


ggcgtgtcct 


ggacggcggg 


3060 


aagtcccagg 


tctcctaccg 


cacacaggat 


ggcaccgcgc 


agggcaaccg 


ggactacatc 


3120 


cccgtggagg 


gtgagctgct 


gttccagcct 


ggggaggcct 


ggaaagagct 


gcaggtgaag 


3180 


ctcctggagc 


tgcaagaagt 


tgactccctc 


ctgcggggcc 


gccaggtccg 


ccgtttccac 


3240 


gtccagctca 


gcaaccctaa 


gtttggggcc 


cacctgggcc 


agccccactc 


caccaccatc 


3300 
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actggaccgg agcttcacga gtcagatgtt 


gtcatcacag 


3360 


ccaccccctc 


acggcgacct 


gggcgccccg 


cagaacccca 


atgctaaggc 


cgctgggtcc 


3420 


aggaagatcc 


atttcaactg 


gctgccccct 


tctggcaagc 


caatggggta 


cagggtaaag 


3480 


tactggattc 


agggcgactc 


cgaatccgaa 


gcccacctgc 


tcgacagcaa 


ggtgccctca 


3540 


gtggagctca 


ccaacctgta 


cccgtattgc 


gactatgaga 


tgaaggtgtg 


cgcctacggg 


3600 


gctcagggcg 


agggacccta 


cagctccctg 


gtgtcctgcc 


gcacccacca 


ggaagtgccc 


3660 


agcgagccag 


ggcgtctggc 


cttcaatgtc 


gtctcctcca 


cggtgaccca 


gctgagctgg 


3720 


gctgagccgg 


ctgagaccaa 


cggtgagatc 


acagcctacg 


aggtctgcta 


tggcctggtc 


3780 


aacgatgaca 


accgacctat 


tgggcccatg 


aagaaagtgc 


tggttgacaa 


ccctaagaac 


3840 


cggatgctgc 


ttattgagaa 


ccttcgggag 


tcccagccct 


accgctacac 


ggtgaaggcg 


3900 


cgcaacgggg 


ccggctgggg 


gcctgagcgg 


gaggccatca 


tcaacctggc 


cacccagccc 


3960 


aagaggccca 


tgtccatccc 


catcatccct 


gacatcccta 


tcgtggacgc 


ccagagcggg 


4020 


gaggactacg 


acagcttcct 


tatgtacagc 


gatgacgttc 


tacgctctcc 


atcgggcagc 


4080 


cagaggccca 


gcgtctccga 


tgacactggc 


tgcggctgga 


agttcgagcc 


cctgctgggg 


4140 


gaggagctgg 


acctgcggcg 


cgtcacgtgg 


cggctgcccc 


cggagctcat 


cccgcgcctg 


4200 


tcggccagca 


gcgggcgctc 


ctccgacgcc 


gaggccccca 


cggccccccg 


gacgacggcg 


4260 


gcgcgggcgg 


gaagggcggc 


agccgtgccc 


cgcagtgcga 


cacccgggcc 


ccccggagag 


4320 


cacctggtga 


atggccggat 


ggactttgcc 


ttcccgggca 


gcaccaactc 


cctgcacagg 


4380 


atgaccacga 


ccagtgctgc 


tgcctatggc 


acccacctga 


gcccacacgt 


gccccaccgc 


4440 


gtgctaagca 


catcctccac 


cctcacacgg 


gactacaact 


cactgacccg 


ctcagaacac 


4500 


tcacactcga 


ccacactgcc 


cagggactac 


tccaccctca 


cctccgtctc 


ctcccacgac 


4560 


tctcgcctga 


ctgctggtgt 


gcccgacacg 


cccacccgcc 


tggtgttctc 


tgccctgggg 


4620 


cccacatctc 


tcagagtgag 


ctggcaggag 


ccgcggtgcg 


agcggccgct 


gcagggctac 


4680 


agtgtggagt 


accagctgct 


gaacggcggt 


gagctgcatc 


ggctcaacat 


ccccaaccct 


4740 


gcccagacct 


cggtggtggt 


ggaagacctc 


ctgcccaacc 


actcctacgt 


gttccgcgtg 


4800 


cgggcccaga 


gccaggaagg 


ctggggccga 


gagcgtgagg 


gtgtcatcac 


cattgaatcc 


4860 


caggtgcacc 


cgcagagccc 


actgtgtccc 


ctgccaggct 


ccgccttcac 


tttgagcact 


4920 


cccagtgccc 


caggcccgct 


ggtgttcact 


gccctgagcc 


cagactcgct 


gcagctgagc 


4980 


tgggagcggc 


cacggaggcc 


caatggggat 


atcgtcggct 


acctggtgac 


ctgtgagatg 


5040 


gcccaaggag 


gagggccagc 


caccgcattc 


cgggtggatg 


gagacagccc 


cgagagccgg 


5100 


ctgaccgtgc 


cgggcctcag 


cgagaacgtg 


ccctacaagt 


tcaaggtgca 


ggccaggacc 


5160 


actgagggct 


tcgggccaga 


gcgcgagggc 


atcatcacca 


tagagtccca 


ggatggagga 


5220 


cccttcccgc 


agctgggcag 


ccgtgccggg 


ctcttccagc 


acccgctgca 


aagcgagtac 


5280 


agcagcatca 


ccaccaccca 


caccagcgcc 


accgagccct 


tcctagtgga 


tgggctgacc 


5340 


ctgggggccc 


agcacctgga 


ggcaggcggc 


tccctcaccc 


ggcatgtgac 


ccaggagttt 


5400 



wo 2005/052122 



PCT/US2004/039189 



msk76wo . ST25 . txt 

gtgagccgga cactgaccac cagcggaacc cttagcaccc acatggacca acagttcttc 5460 
caaacttga 5469 



<210> 3 
<211> 3222 
<212> DNA 
<213> human 












<400> 3 
atggccgccg 


ccgggcagct 


gtgcttgctc 


tacctgtcgg 


cggggctcct 


gtcccggctc 


60 


ggcgcagcct 


tcaacttgga 


cactcgggag 


gacaacgtga 


tccggaaata 


tggagacccc 


120 


gggagcctct 


tcggcttctc 


gctggccatg 


cactggcaac 


tgcagcccga 


ggacaagcgg 


180 


ctgttgctcg 


tgggggcccc 


gcgcggagaa 


gcgcttccac 


tgcagagagc 


caacagaacg 


240 


ggagggctgt 


acagctgcga 


catcaccgcc 


cgggggccat 


gcacgcggat 


cgagtttgat 


300 


aacgatgctg 


accccacgtc 


agaaagcaag 


gaagatcagt 


ggatgggggt 


caccgtccag 


360 


agccaaggtc 


cagggggcaa 


ggtcgtgaca 


tgtgctcacc 


gatatgaaaa 


aaggcagcat 


420 


gttaatacga 


agcaggaatc 


ccgagacatc 


tttgggcggt 


gttatgtcct 


gagtcagaat 


480 


ctcaggattg 


aagacgatat 


ggatggggga 


gattggagct 


tttgtgatgg 


gcgattgaga 


540 


ggccatgaga 


aatttggctc 


ttgccagcaa 


ggtgtagcag 


ctacttttac 


taaagacttt 


600 


cattacattg 


tatttggagc 


cccgggtact 


tataactgga 


aagggattgt 


tcgtgtagag 


660 


caaaagaata 


acactttttt 


tgacatgaac 


atctttgaag 


atgggcctta 


tgaagttggt 


720 


ggagagactg 


agcatgatga 


aagtctcgtt 


cctgttcctg 


ctaacagtta 


cttaggtttt 


780 


tctttggact 


cagggaaagg 


tattgtttct 


aaagatgaga 


tcacttttgt 


atctggtgct 


840 


cccagagcca 


atcacagtgg 


agccgtggtt 


ttgctgaaga 


gagacatgaa 


gtctgcacat 


900 


ctcctccctg 


agcacatatt 


cgatggagaa 


ggtctggcct 


cttcatttgg 


ctatgatgtg 


960 


gcggtggtgg 


acctcaacaa 


ggatgggtgg 


caagatatag 


ttattggagc 


cccacagtat 


1020 


tttgatagag 


^tggagaagt 


tggaggtgca 


gtgtatgtct 


acatgaacca 


gcaaggcaga 


1080 


tggaataatg 


tgaagccaat 


tcgtcttaat 


ggaaccaaag 


attctatgtt 


tggcattgca 


1140 


Qtiaaaa.a.at:a 


1" "t a a a a a t* ;i t* 


taatcaagat 


ggctacccag 


atattgcagt 


tggagctccg 


1200 


tatgatgact 


tgggaaaggt 


ttttatctat 


catggatctg 


caaatggaat 


aaataccaaa 


1260 


ccaacacagg 


ttctcaaggg 


tatatcacct 


tattttggat 


attcaattgc 


tggaaacatg 


1320 


gaccttgatc 


gaaattccta 


ccctgatgtt 


gctgttggtt 


ccctctcaga 


ttcagtaact 


1380 


attttcagat 


cccggcctgt 


gattaatatt 


cagaaaacca 


tcacagtaac 


tcctaacaga 


1440 


attgacctcc 


gccagaaaac 


agcgtgtggg 


gcgcctagtg 


ggatatgcct 


ccaggttaaa 


1500 


tcctgttttg 


aatatactgc 


taaccccgct 


ggttataatc 


cttcaatatc 


aattgtgggc 


1560 


acacttgaag 


ctgaaaaaga 


aagaagaaaa 


tctgggctat 


cctcaagagt 


tcagtttcga 


1620 


aaccaaggtt 


ctgagcccaa 


atatactcaa 


gaactaactc 


tgaagaggca 


gaaacagaaa 


1680 


gtgtgcatgg 


aggaaaccct 


gtggctacag 


gataatatca 


gagataaact 


gcgtcccatt 


1740 
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cccataactg 


cctcagtgga 


gatccaagag 


ccaagctctc 


gtaggcgagt 


gaattcactt 


1800 


ccagaagttc 


ttccaattct 


gaattcagat 


gaacccaaga 


cagctcatat 


tgatgttcac 


lobO 


ttcttaaaag 


agggatgtgg 


agacgacaat 


gtatgtaaca 


gcaaccttaa 


actagaatat 


1920 


aaattttgca 


cccgagaagg 


aaatcaagac 


aaattttctt 


atttaccaat 


tcaaaaaggt 


1980 


gtaccagaac 


tagttctaaa 


agatcagaag 


gatattgctt 


tagaaataac 


agtgacaaac 


2040 


agcccttcca 


acccaaggaa 


tcccacaaaa 


qatqqcqatq 


acgcccatga 


ggctaaactg 


2100 


attgcaacgt 


ttccagacac 


tttaacctat 


tctgcatata 


gagaactgag 


ggctttccct 


2160 


gagaaacagt 


tgagttgtgt 


tqccaaccaq 


aatggctcgc 


aagctgactg 


tgagctcgga 




aatcctttta 


aaagaaattc 


aaatgtcact 


ttttatttgg 


ttttaagtac 


aactgaagtc 


2280 


acctttgaca 


ccccatatct 


ggatattaat 


ctgaagttag 


aaacaacaag 


caatcaagat 


2340 


aatttggctc 


caattacagc 


taaagcaaaa 


qtqqttattq 


aactgctttt 


atcggtctcg 


2400 


ggagttgcta 


aaccttccca 


QQtqtatttt 


qqaqgtacaq 


ttqttqqcqa 


gcaagctatg 


2460 


aaatctgaag 


atgaagtggg 


aagtttaata 


gagtatgaat 


tcagggtaat 


aaacttaggt 


2520 


aaacctctta 


caaacctcgg 


cacagcaacc 


ttgaacattc 


agtggccaaa 


agaaattagc 


2580 


aatgggaaat 


ggttgcttta 


tttggtgaaa 


gtagaatcca 


aaggattgga 

— — - - 


aaaggtaact 


1 c >i n 

2640 


tgtgagccac 


aaaaggagat 


aaactccctg 


aacctaacgg 


agtctcacaa 


ctcaagaaag 


2700 


aaacgggaaa 


ttactgaaaa 


acagatagat 


gataacagaa 


aattttcttt 


atttgctgaa 


2760 


agaaaatacc 


agactcttaa 


ctgtagcqtg 


aacgtgaact 


gtgtgaacat 


cagatgcccg 


2820 


ctgcgggggc 


tggacagcaa 


qqcqtctctt 


attttgcgct 


cqaqqttatg 


gaacagcaca 


2880 


tttctagagg 


aatattccaa 


actgaactac 


ttggacattc 


tcatgcgagc 


cttcattgat 


2940 


gtgactgctg 


ctgccgaaaa 


tatcaggctg 


ccaaatgcag 


gcactcaggt 


tcgagtgact 


f\r\f\ 

3000 


gtgtttccct 


caaagactgt 


agctcagtat 


tcgggagtac 


cttggtggat 


catcctagtg 


3060 


gctattctcg 


ctgggatctt 


gatgcttgct 


ttattagtgt 


ttatactatg 


gaagtgtggt 


3120 


ttcttcaaga 


gaaataagaa 


agatcattat 


gatgccacat 


atcacaaggc 


tgagatccat 


3180 


gctcagccat 


ctgataaaga 


gaggcttact 


tctgatgcat 


ag 




3222 



<210> 4 

<211> 19 

<212> DNA 

<213> mouse 

<400> 4 

gagctgtacc gagtgcatc 19 

<210> 5 

<211> 19 

<212> RNA 

<213> artificial 

<220> 

<223> RNA inhibitor for B4 integrin chain 
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<400> 5 ^ Q 

gagcugcacg gaguguguc 

<210> 6 
<211> 21 

<212> DNA 

<213> mouse 
<400> 6 

aagagctgta ccgagtgcat c 

<210> 7 

<211> 21 

<212> DNA 

<213> artificial 

<220> 

<223> integrin b4 amplification pnmer 
<400> 7 

ggaaatagca gagcaggata c 

<210> 8 

<211> 20 

<212> DNA 

<213> artificial 

<220> 

<223> intergin b4 amplification pnmer 



<400> 8 

ctcgtgcttt acggtatcgc 



<210> 9 

<211> 19 

<212> DNA 

<213> artificial 



20 



<220> 

<223> integrin b4 amplification primer 



<400> 9 

ctcggttgca gcaaggaag 



19 



